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Economie Botany of the Cveads 


Cycads are used mainly as sources of food starch, particularly dur- 
ing periods of shortage of regular supplies. Aside from the use as 
food, some species are used as decorative plants, as minor sources 
of gums, fibers, and possibly oils. This work reviews most of the 
scattered literature on the uses of seven of the nine genera of the 
Cycadaceae, excluding Zamia and Ceratozamia. 
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Cyea Food P .. north to Keny southwest Sudar 
i ™ S vec : . “4 Haut (hari and (;hana About 
Medicinal Uses of Cyeads 28 twentv species 

on i Oil-\ lding Plan 0 SCAN Ge ‘ Custlel Oads 101 U 
Cyead s Nitrogen Fix 0) South Afmea (N cent 
ri 4, oe | Plante - Cape ot Good Hope) (ne species 
sane peng >  Bowenia: northeastern Queensland 


| ( { southwest \us \bout six- 
Introduction vonetha: rien 
Ceratozamu southern Mexi | 
Cycads are palmlike or fernlike plants Guatamala. About six species 
that ippear to be unrelated to any otnel Dioor southern Mexice Hondu- 
group of living plants, although they ar ras About six species 
traditionally placed with th gymno- Vicrocycas: Pi el Rio. ¢ i. One 
sperms In geologic times cyecads were species 
numerous and widely distributed \t Zamia Florida, West Indies. sou n 
present there remains but a single family Mexico south to Brazil and ( 
Cyeadace ae, with nine genera and about About thirty species 
100 species, confined to the tropies and The starch-rich stem ot eveads mav he 
subtropies. These genera, theit approxi- either aerial or columnar. as in Mac 
mate distribution, and an estimate of the camia reidlei (Fig. 1). or subterranean 
number of species each contains are as and tuberous, as in Macrozamia spiralis 
follows (Fig. 2). In either case it is surmounted 
(yeas; ranging from northern and by a crown of pinnate or bipinnate (in 
northeastern Australia, New Cale-  Bowenia) leaves. Cveads are usually 


donia, Samoa and Fiji north and unbranched, although branching does oe- 


west to the Ryukyu Islands, south- cur occasionally he tallest eveads are 
ern China, the Philippines, Indo- Macrozamia hopei, growir 


ig to 18 meters, 
China, Thailand. Malaya, Indonesia, and Dioon spinulosum, 16 meters. These 
Burma, India, Ceylon, and Mada- ar exceptional for the family as a whol 
gascar. About twenty species however, for only a few members get 


Encephalartos: ranging from Union of taller than 3 meters. and manv are less 


South Africa, Mozambique, South- than 2 meters. Zamia pygmaea, the 
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smalle st Oo] ¢cycads } is a stem at most 
25 cent meters [ong and ¢ \ 2 to3 centi- 
meters 1 meter. Though the number 
0 eaves ll i crown s¢ om exceeds 25 


extremes are those of Zamia pygmaea, 
only 5 to 6 centimeters long, and those of 
some species ol Encephalartos, re} 
to reach a leng 


(Cyead plants are either male or fe- 


male. The seed- or pollen-bearing struc- 
tures (sporophylls) are usually aggre- 
gated into cones (Fig. 3) In Cycas, 
nowevel the leat ike len ale sporopl vils 
are loosely arranged in crowns among 


‘ig. 4). The 


uced DV some ol 


argest known 
ne eyeads 
Female cones Of some species ol Enceph- 


ata Os Nave eel recorded Oo welg AS 
much as 90 pounds Those of Macro- 
cama denisor ire about 2 feet In iengt 


l} contrast, those of] Zan a pugnaed ar 


about 5 centimeters long and weigh less 
Cyead seeds have a coat differentiate 

Into an outer fleshy layer, usually some 

1 ) ] | 

1 with more or less ot al 


‘orange cast, and an inner stony lave! 
The bulk of the seeds, however, is a firm 
starchy endosperm, containing the em- 
bryo. Seeds vary in length from 13 mil- 
imeters (Zamia Ppygmaea) to 7.5 centi- 
meters (some (€ ycas species ) 

The best extant account of the eveads 


1s 


given by Prof. Charles J. Chamberlai 
in his book The living cycads (58). <A 
more recent, much briefer work on this 
family is Ancient seed plants: the cycads 
(30). 


Information on the economic botany 


of the eycads is diffuse ly scattered 
throughout world literature. There have 
been several sk¢ tehy reviews of the sub- 
ject, notably those by Barbour et al 
(30), Jackson (131), and Schuster (234). 


The present paper is not presented as an 


exhaustive review of the literature on 
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eyvcads = economic 1] ints*, although | 
believe it at least a Majority olf perti- 
nent material has been located With 


he exception of certain minor observa- 


ons on Cycas gum and the Cycas leaf 


industry, all the data presented herein 
are from the various works cited 


Throughout the paper I have used scien- 


tific names as I found them in the litera- 


ure No othe course seems possible un- 


tli the deplorable condition o 


I taxonomy 
ind nomenclature in the Cycadaceae is 


correctec 


Cycads as Food Plants 


(‘yeads are used mainly as a source of 


rood stare! either tron e seeds o7 

rom the stems In many parts of the 
) | f 

vorld. They would appear to be of par- 


Weuliar importance as a source al suste- 


nance during hard times or in areas where 
the food supply is naturally limited. It 
ls probabl that the seed kernels and 
stem pith of all eyeads can be used as 


1ood alter treatment to remove any toxic 


principle that may be present 


\ brief discussion of the terms “ar- 


rowroot” and ‘“sago” seems appropriate 
at this point Phe use of the terms is 


frequently characterized by a certain 
lack ol lucidity These words are otten 
both applied to much the same type of 
starches from eyead stems 
and seeds are called both “sago” (Cycas) 
and “arrowroot” (Zamia, Macrozamia) 
Starches called “sago” by one author 
may he called “arrow root” by another. 
While it is perhaps futile to expect rigid- 
ity of usage of common (and commer- 
cial) terms such as these, the looseness 
ot ther application is regrettable. When 
used in context that does not indicate 
the plants involved, the terms “arrow- 
root” and ‘“sago” may be essentially 
meaningless 

“Arrowroot” seems to have been first 


appr d to starch derived from the tuber- 


* The genus Zamia is to be treated in a se pa- 
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by aborigines nd the stem has been used by white settlers as a source of stare 
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Varanta 


arundinacea 


ous rhizomes of species, es- 
For the 
the term should probably be 
Varanta starch, 


vuises in which the 


pecially M sake 


of clarity, 


restricted to vet many 


are the term seen 


India “arrowroot” is from 


rhizomes of Curcuma 


TOUS 


Kast 
| 


“arrowroot 1s 


Jolia; ulema 
ot ¢ 


Irom 


} 


anna edulis; Brazilian “arrowroot” 


has swollen roots ol 


Van hot 


pears as 


its source in tiie 
esculenta; 


British 


terreanean 


potato starch ap- 
1 
sub- 


Zan la 


“arrowroot’: the 
stems of Florida 
vik Ided Florida “arrowroot”’ 
“Sago” would appear to I 
starches obtained from tli 


Vet) 


roxryton, 


prope rly to 
stems oI certain palms (é.¢., 


] 
{ 


(‘aryota, ¢ orypha) and eveads (e.g., Cy- 


cas, Zamia, Macrozamia). Certainly the 
applied—as it 
derived 


word should not be has 


been to starch from seeds or 


tubers 


In the present paper, starches derived 


from the stems—both aerial and subter- 


ranean—of eyeads will be referred to 
either as sago”. Starch 


“stem starch” or“ 


from eyead seeds will be called neither 


“Sago” nor “arrowroot”’ seed 
starch”. 
are described by Decrock (78) and Pe- 


but simply * 


these ecyead starches 


some ol 


reira (207) (Cycas), Planchon and Juil- 
let (212) (¢ and Reichert (216) 


Du on, Zam a) 


YCcas), 


(( ywecas 


BOWENIA 
The tuberous, 
Bowenia spectabilis ls cooked and eaten 
(20, 127, 


subterranean stem of 


by aborigines in Queensland 
159, 165, 226, 286) 


CYCAS 
Leaves as Vegetable 


When 30 to 40 cm 
not yet quite unfolded, succulent leaves 


long, the young, 


of several ¢ ycas species (C. circinalis, ( 


pectinata, C. rumphu, and C. siamensis) 
are cooked and eaten as a vegetable in 
the Malay Peninsula 220), 


parts of the Philippines (50, 97), Assam 


(52, some 
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(44, 
234, 261, 281, 


leaves ot ¢ cre 


of Indonesia 
196, 197, 
282) The 
are said to be eaten by Ceylon n: 
(198) (141) 


In Japan of the 


’ : 
tendel nal 


Kineh 


In curries mentions 


he use tor iood young 


; 
ita 


aves of C. revol but supplies no de- 
known toxicitvy—at 
\us- 


is not surprising to read 


at the 


In view of the 


to cattle ol the leaves ol 
tralian Cycas, it 
(197) th 


he young 


in Ochse eating of “much” 


shoots ot ¢ rupeph is sald 


eause rheumatism mn man 


emphii—Th 


ture, OV ite-globos¢ seeds otten 


“fruits” or “nuts’”—of C. circinalis, 
lated 


a walnut or 


run phir, and certain re species art 


about the size of somewhat 
larger to 7.5 em. long, according 


{up 


Schuster, 234 They 


to 
have, In common 
with seeds Ol 


all eyeads, a testa differ- 


fleshy laye r 
The bulk of 
seed, however, is made up of a firm endo- 


Into Al and 


oute! 
an inner stony laye) the 
sperm (the “kernel”) that contains about 
20-30 of starch (8, 19, 135,231). These 
often utilized as food or 
into flour or 


made 
at- 


seeds are 
starch after various t 
ments to remove the poisonous constitu- 

In several reports that ¢ YCAaAS Set ds can 
be eaten (46, 50, 65, 76, 99, 113, 120, 132, 
139, 153, 245, 282), the manner of 
aration and use of the 
lated Other 
some of the details 
Islands seeds eaten 
“cooking” (202; see 171). 
may be roasted (30), as in the Aru and 
Key Islands (234) and New 
(145) 


prep- 
seeds Is not 
supply at | 
In the 


are 


re- 
reports ast 
Andaman 
after 


Seeds 


('ycas 


} 
also 


Caledonia 
Seeds of the Fijian variety of C 
circinalis are boiled, and the 
kernel is (79). Of the 
Cycas in Fiji, Parham (201) says: 


softened 

use of 
“The 
fruit is used by natives in place of bread 
in hard times”. Among the Vaeddas of 
Ceylon, Cycas seed kernels are cut into 


eaten 
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Fic. 2. Macrozamia spiralis, New South Wales. The underground stem has had commercial 
significance as a source of starch, and the seeds were an important food for the aborigines 
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A 
dough made from this meal is then baked 
(190, 230) Baker (2 


25) 
use of Cycas seeds by Sin- 


} , , , 
qa, and ground into a meal 


into cakes ae- 


scribes the 
—— 
nales¢ 


natives as follows: 


Crushed Cycas seed kernels mav bi 
soaked in fre quent changes of water ove 
al davs before 


(185) 


| 


ve? 


they are made into 


cakes Such treated kernels may 

also be made into a ] 

Tei} (260) 
extender with 
(68, 113) 


hit al 


ye. as obse rve ad 


vorrids l 
by smann in Java, or served 


rice As 


as seed were an important 


aboriginal inhabitants 


The ol ¢ 


is island has continued t 


food ot the 


(229) 


of Gauam use ycas meal 


on ft oO the } 


res- 
pre 


Many Guamanians display a 


reticence about admitting that 
wil] 


1 War II 


but imply that 


they ust this meal contess 


They 
to having used it during Work 
food 


ld 
would 


when was scarce, 


think 
Though generally not talked about. 
] 


seed 


they not of such a thing 
now 

Cyeas meal is nevertheless wid ly 
used now on the island (Fosberg, in litt.) 
In the Nicobar Island 


are made into a | 


s (170) Cycas seeds 


vaste that is eaten in the 


form of cakes 


In Pemba (292) sun-dried Cycas ker- 
nels are fermented in a tin with layers ol 


banana leaves for about a week They 


BOTANY 


are next cleaned ol mold, a day 


in water to soften, and finally powdered 
and used The flesh, after 
longer storage with banana leaves 
be 


+} 


Lit 


soaked 


as a porridge 
may 

In 
vared from 
kernels 


boiled and S¢ rved a vege table 


Moluccas a delicacy is prey 


(‘ycas seeds as follows: the 


are 


} 
i 


cut into pieces, 


and then placed in a bag 


ant steeped a few days in sea wate! 


Then they are steamed and mixed with 
brown sugar al 


The 


‘common 


ated coconut (| 197) 


report that Cycas cire nalis is a 


esculent” on Comoro 


ids (211) probably relers ati 
ol 
(259). 


use oT 


, 
an article as de- 
stuhiman ne seeds 


ter being put through a 


erestingly enough, 


aten al ler- 
tation process. Int 
ire included in 
Mac- 


cultivation 


(C'ycas run pi 
IT, Inedib] 


llan’s paper (158) on 


Som Fruits, in 


C"¢ vion 


lour oO! cas 


is appears to be 


used mainly in India 
7, 26, 51, 86, 88, 120, 131, 
198, 


1 Ceylon (3, 
143, 145, 


but also 


9792 


231, #40, 


285) sometimes elsewhere, in- 
cluding Indo-China (208, 214), the Phil- 
i¢ \Molueeas 
135) In 


(280) 


Ippines (97), 
Ne W 


starch 


t] (153), and 


Marianas, 


for laun- 


Caledonia ( 


Irom ¢ 


the 
is used 
ary purposes 


Of the use of Cycas seed flour in India, 


Buchanan (51) has this to say: 
d and, hay 
be 


into 


ing been dried 
1 month in the 1! ure 
kernels formed 
and call 
the 


Erimp inna 


iten 1n a mortal 
i flour, which the 
Podi It k- 
prepared from the 
(C'a but it 
14th 


ire ind inge! 


natives eat Indum 


is ret 


oned superior to flour 


ot the 


used by 


stem Jota) is 


only the poor, who 


of July and the 13t} 


between the 
of Se ptember 


of perishing lormer 


repured during the 
I than 


and t be reserved 


month, ! 
end of tl 


the 
For 
localities in India, Cycas seeds are picked 


when ripe and then dried until the fleshy 
layer of the testa shrivels 


the preparation of starch in some 


In 
other localities full-sized but unripe seeds 


and cracks 
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are split and then di 


} 


he kern 


In 


repara- 


until t 
shrinks and se parates trom the testa 


ied 


case further steps in the | 


of starch from Cycas 


SCE 
almost identical wit 


prepare Irom ¢ 


A ( 


nually 


sago cas s 


yCas plant is said to produce 


about 550 seeds 


nels of 


3 (Left) 


the seeds 


Female 


V ac 


Right) 


cone ol 


ire poisonous 


Mal 


seeds vield approximately the 


tity ol 


same quan- 


starch about 5 pounds as can 


stem 4 feet 
There would appear to bye no good 


be obtained from a ( 


YUCcas 


long 1 


reason other than custom 


for the de- 
struction of entire Cycas plants to ob- 


tain starch from their stems—an un- 


fortunate way to exploit a food plant of 


such slow growth, especially since the ex- 
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ozamua 


OF THE CYCADS 


traction ol Irom tl! 
(7, 231) 


the quality 


stareh 


, , 
to be more economical 


Opinions ol 


starch vary considerably 


be ol ‘bad 


43) 


Is not 


quality 
(2 


é satiord § ( 


very W 
On 


ibie odo! 


moorel, neat 


Vacre 


The ker- 
Wales 


Springsure, Queens! ind 


cone ot ama spire New South 


telot (208) calls it of 


Het 


rice starch. Doubtless the 


finished product depends in 


ure on the methods and ear 


manutlacture. 

Cycas media Members iptain 
Cook’s party were the first Europeans to 
the Australian 


of the seeds of Cycas media { 


or | 


observe aboriginal’s ust 


or food (29, 
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; ln f4 
al made | 

e€ polsonous principle 
vr rendered inert (21, 150, 


263, 264, 266, 267, 


156 


200, 226. 268 } 


arious descriptions 


The following statements Thom- 


(266) 


Irom 


son are Of interest: 
seeds | 
ul It has the 
foods 


n immediate ly 


of the 


for some days 

it it is abundant gives 
il value in native economy 
women 


upply 


maimtam an ade- 


on ceremonial occ iSIONS 


gathered in on 
ne. who could 


periods on 


\ccordin 


ot f ie 


to Lum} OlTZ | 156), the 


constitute ° m October to 
December, the principal food of the 


blacks” of Queensland More recently. 
a (264) 


most 1mportant staple 


Thomson called these seeds “the 


food” in Arnhem 


Land during most of the (see also 


265, 266) (Fig. 5) 


yeal 
In contrast, the Lar- 
rakeeyah tribe of the Northern Territory 
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hye seeds only 1 the ceremonies ot 


“making” young men (165). Other tribes 


seeds connection with funeral 


use the 


ceremonies (36) (‘ycas media seeds are 


evidently eaten also by the aborigines of 


Island on tl l thwes 
ni lr 


hia 
IVIL Coast 


rritory 


Ol Northet 


1ood 


(266) 


sacred to- 
who recites 
+} 


es of 


ind 


Both the fle shy testa 


mucilaginous taste 


kernel of the 


| to have a sweet 


and the tareny 

1 revoluta (“‘sotetsu’’) are edible 
(3, 37, 47, 113, 121, 139, 141, 153, 184, 
205, 234, 246, 254, 270, 294), the latter 
after the 
poisonous principle (189, 193,231). Smith 
(246) “the 


flay our ol 


(205) 


seed of ( 


proper treatment to remove 


found in the roasted kernels 


chestnuts, with less sweetness 


Hooker 


as “me¢ aly, dry, 


and a more watery consistence”’. 
(121) described the taste 


sweetish, but insipid” Seed kernels were 
proclaimed a nourishing food by Peckolt 
(205) and so they probably are because 
they contain 12-14% crude protein and 
66-70% st: 193, 205, 231, 294) 
Nishida (191) the 
chemical composition oO} the seed during 
In the 


Satsuma province of Japan, the kernels 


(52, 
studied changes in 


its various stages of ripening 


said to be pulverized and mixed with 


are 
wheat and millet flour to form an edible 
(184) 


been considered and studied as raw ma- 


paste Seeds of C. revoluta have 
terial for the brewing industry (189), 
(248) 
“ubiquitous” (254) plant in at least some 


( revoluta, a “common” or 


of the Ryukyus, is an important soures 
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of food ther Following a list and dis- to having ¢ 


cussion of menus in typical homes on Nevertheless, on¢ 


Amami Oshima, an island in the north- bright orange seeds 
ern Ryukyus, Haring (108) h: h » (Fig. 6), and basket 


say about the ust 'vCa seeds | l are seen commonly 


The implication 1s : 
rie very poor eat cyvcead 
not know about such thin 
sake made Irom evead sf 

] 


eral use on Amami Oshima. The taste 


has been described as bitter like stryel 
nine and quite long-lastin Those w 
| Ii¢ sake SO tim become 

n die; f is reason 


Sake poison sake 


, . > 109) 
cklog when other 
) ] . > . 
rm damage—o he Rvukvu group 
large orange its t ‘ve | al prepared as follows 


stems of cyead I ‘8 r al -ollee ld d somewhat, ind 


nd ground 


universally dishked 
ously, it is slight! 


ind 
near-lan 


rv days 
sources r example, 


} } 
sively 1 1 the poor 


has fewer peopl 
poisonous to resources (Fosberg. , r 
nest atop cv¢ ids ind lay then = 
nuts. When a peasant 
nu snake strikes ind one 
swells th ta This adds one more 
why the cad is disliked even thougl , ; 
ides emergeney food and liquor. It par arehy pith and cortex | 
ent that the good housewife who listed her ( rumphu, and certain 


menus said nothing about dishes contaiming mav be eaten after cooking (135) 


s a 


eve vd: she serves them only u? extrem il- Importance : } oweve r. | 


} 


though she probably keeps the m«¢ il on hand ¢ Bad 
istarch called Cyead sago 


Amamians do not like to talk about [70m (them for use as tood 
using (. revoluta as food The subject This product is made and 
is disagreeable when they are striving to ' Several areas in southern and south- 
make a good impression on a foreigner eastern Asia and Oceania, including New 
They tell gladly about the export of cy-  ‘ aledonia (135, 178), Timor (262), In- 
Cas leaves (see section on eycas leaf In- do-China (82, (is 78, oo), Malaya 
dustry). This yields cash, andthe people (220), India, Burma, and Ceylon (7, 47, 


9 


are not ashamed of it No one admits 99, 105, 136, 143, 145), Fiji (131, 239, 
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(203) ( 


Mada- 


Solomons ycas 


is said also to be used in 


2, 33, 215, 279) 


suitable for the extraction of 


sago, a plant should not have 


fruited, as 


ycas 
fruiting depletes the store of 
Most Cycas plants 


starch in the stem 


. bh] > arial? lam r f 
are Capabie OI yielding large amounts oO! 


starch at about 7 vears of age Che best 
time for the extraction of starch 1s Just 
before a flush of new leaves (7) 

Of the method of extracting and proc- 
essing the starch, Anonymous (7) writes 


On the discovery of a well-grow: omising 
ndividual is felled flush w he ground and 
divested of its fi ls as well as of the dry 
outer lavers of its annularly f owed ste | 
S hen ed to ( he one ) 
where he oceeds iw 1 tl emall 
ing pa ot the ste! ex t the innermos V- 
lindrical axis This delicate core is now « - 
fully shced into thin \ oO | discs 
which are spread upon mats and dried in the 
sun When quite crisp, thes re ounded into 
flour which is thereafter sifted and mixed u 
“ The es tant mess 1s nen ) ed into 

po nd allowed st 1 unt’l the starchy 
substance is deposited he bottom and sides 
of the vessel The clear liquid above the de- 
posit is now d 1 nd tl pre ile 1 
self, while ve fresl led abo between 
boards until esolves itself in he spherical 

llets that are known as sago. These pellets 
ol 1 ng and tial s ning, are passed 
through sieves tl graduated variously f 

he several grades, suc} s “bullet sago “peari- 
sago und the Ili TI n oO v of Indian 
manufacturers, howe content with tl 
production of the amo ous meal which, after 
desiccation, is stored up for use 

('ycas revoluta Sago can be extracted 
from the stem of Cycas revoluta (3, 16, 


27, 28, 47, 75, 90, 118, 184, 271, 282, 296) 


An early made in 1696, empha- 


s1Zes that 


report, 
sotetsu sago Is Important as a 
(66). The use 


has continued 


food in times of famine 
revotuta 


rely 


of sago trom ( 


to the present di: V inhabitants of 
] 


the 


Ryukyu Islands upon sotetsu 


food 


shortage such as 
may occur after typhoons (189, 282) 
During the food crisis of World War II, 


this area 


sago in times of 


sotetsu sago was much used in 
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(16). (113, 121, 270) 
made some seemingly extravagant state- 
revoluta in 18th Century 


Thunberg 153, 
ments about ( 
Japan: that this plant was highly es- 
food especially by 


that 


teemed as a source, 


the export ol the 
that a 


portion of the pith could sustain life for 


people of rank; 


plant was forbidden; and small 


} 
very long time 
On Amami Oshima, sago is prepared 
from sotetsu as follows (16). First the 


trunk is “debarked” and cut into small 
pieces The 


in the sun 


lragments are dried 


The 


choppe qd 


and then fermented 


stem material is placed in a bamboo 
basket and leached many times with 
water. The water is caught in a wooden 
tub in which the starch is allowed to set- 


tle (Fig. 8) 


Upon analysis, air-dry matter of the 


stem ol ( revoluta was found to con- 


tain 44.5% starch and 9.15% crude pro- 
tein (296). In composition of the stem, 
male plants differ from the female plants 
of C. revoluta (189). At the same time, 
composition of both varies from season 
to season Starch content is distinetly 
igher in the male, varying from 27% 


(calculated to drv substance) in October 


in June and averaging over the 


50% 


averages only 


In contrast, the female stem 


26°. In the 


content oF the 


female plant, 
ali- 


production, apparently 


staren stem 1s great 
‘ted by seed 
more than a year being required to syn- 


thesize the 
therein 


amount of starch consumed 


In considering the use of sotetsu 
as a source of starch for industrial pur- 


it has been 
be 


as a source 


poses (particularly brewing), 
male trees only cut 


} 
ielt 


suggested that 


down and that females be 


of starch-rich seeds 


) 7 } | 
Root Nodules 


} 


Peckolt (205) studied the root nodules 


of C. revoluta and found them to contain 


18% starch calculated to moist 
The flesh 


potato-like, and of a 


about 


substance. was described 


as 


white, peculiar, 
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Fic. 4. Seed-bearing megasporophylls of Cy 
seeds ilter tre | 


Northern Ter 


itment to remove the poisonous 


itorv aborigines 


sweetish, mild, not flavor 
When cooked, the nodules had an insipid 


slightly 


unpleasant 


sweet taste. 


DIOON 
The kernels of the 
edule and dD spu 


starch and are said to be roasted or boiled 
(25 


large seeds of Dioo 
ilosum contain much 
or used as a 
meal or starch , 08, 90, 94, 131 
154, 155, 216). Plants of recently 
deseribed Honduran species ol Dioon, D 


and eaten source ol 
(27 
the 


mejuae, are said to be protected by the 
government because of their value to the 
Indians who boil and grind the seeds and 
(253). 


seeds can he 


make therefrom a sort of tortilla 
The fleshy testa of Dioon 
ised as food (119), and sago ean be ob- 
Dioon seeds 


bears, 


tained from the stem (139) 


are a favorite food of 
and domestic 


pececaries, 


(252) 


swine 
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nedia, near Rockhampton, Queensland. The 


ind 


Nelpic re a principal tood olf Queens 


ind 


ENCEPHALARTOS 
lhe first description of the use of the 


pith 


of Ence phalartos to make what has 
as ‘“Kaffir bread” was 
Thunberg (269). Later (271: 


see also 122, 243) he wrote the following. 


come to be known 


given by 


somewhat more brief account 

It is out of the pith (medull of this tree 
hat the Hottentots contrive to prepare theit 
bread For this irpose, alter scooping out the 
ith thev b \ t ! i ind lea t 
here f the space of two months to rt. el 
which they knead it, and make it into a cake 
which, in the usual slovenly and filthy man- 
ner, they slightly bake in the embers 


Another account of this use of Ence ph- 
alartos is that given by Sparrman (249) 
As follows: 


‘he pith or 
The pitl 


n the 


marrow mm i 
trunk of this little palm, is collected 


tied up in dressed calf or sheep skins 
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; ; ] 
! 1o1 oO several 


becomes mellow and 
be kneaded 


they ill 


ind bake 


which 
cakes 
The Dutch t 


const quence ol 


, 
colonists ol South rica, 1n 


this practice ol the abo- 


igines, gave the names “Kafferbrood- 


7 
boom”, ‘“Hottentotbroodboom”’, or simply 


“broodboom”™ (bread tree) to several! 


species of Encephalartos, names which 


still in 


Although 


ports ol the manufacture 


ust 
second-hand re- 
of Kaffir bread 
to appear to the 
129, 174, 
litt] 


e1es ol Ey ce pha- 


manifestly 
continued 
90, 91, 
seems to be 

that spe 


plants of limited distribution and 


Lave present 
179, 215, 


no first- 


" 


time (27, 30, 
245), there 


hand evidence 


e Ol 


often hard of access—are today used as 


described over 150 vears ago. The gen- 


eral cultivation of maize in South 

would seem to eliminate the 

sort to such a food plant exct 

in case of dire emergency 
Williams (292) fol 


cerning the use of Ence pl alart 


Writes As lows con- 


brandtu as food: 


spongy tarinace 
Zanzibar foo 
ired 

ces, then heaping for 

take pla 


certain toxic sult 


is used in 


tage It is prep 


lermentation to 
tion ol 
ind drie¢ 

pounded and used 


into boil ng 


washed, preferably in iter 


which they 
ridge, or by putti the flour 
water and continuing the oOllng lor time 


ind tl 


“ugali 


some 


en Known as 


stirring into a thick aste 


In times of famine, as an 
food, Thong: 


Mozambiqu 


emergency 
natives in the Mexixe dis- 


trict of cut the stem of 


Ence phalartos transvenosus slices 
These 


of fermentation is attained 


into 
until a certain degree 
The 
] 


then sun-dried and crushed in 


are buried 
slices 
are a mor- 
tar to reduce the pulp to a flour. This 
flour is then eaten after boiling (Young, 
in litt.). Kaffirs in 
reported, a century ago, to make a flour 


Mozambique were 
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irom the stem ol E 
ing to Schweinfurth (2 


African nat 


feroa (42) 


35), 


\( cord- 


certain cen- 


ives make a sort of beer 


central portion of the stem ol 


species ol Encephalartos Robyns 
Ol BE 


224) suggests the use of the pith 


pogget as an emergency food 


The seeds of various Encephalartos 
to be { 
g., 94, 149), 
lucid accounts of Sparrman and Thun- 
The fleshy test: at least 


have been ted 


Kaffir bread ( 


the sources ol 


In spite ol the 
berg some 

the 
(wild 


, 
species 1s apparently 


being “wilde datel” 


seeds 


date s} noted late I’. the polson- 
ous principle of Encephalartos seeds 


seems to be present kernel 
Nevertheless, the 
E. h 
surely after preparation, as in 
ol ¢ seeds—as a 


Mombassa (117, 215) 


Several kinds of 


only i 1e 


kernels of the seeds ot 


ldebranat are reported to serve 


ycas lamine loo 


wild animals are re- 
ported to eat the seeds of Encephalartos 
Baboons and monkeys colleet and carry 
the seeds to the tops o cliffs or t 


thie 


rees. re- 
and eating only the 
litt.) Indeed, 

the 


(59) describes 


ke rn¢ | 
(Young, 2 
Chamberlain 


ng 


testa 


difficulty he had in finding ripe seeds of 
baboons 
the 


even 


Encephalartos in areas where 


Carry away the cones he fore 


are rip¢ Baboons, which pull 


young seedlings eat the 


seed, 


remnants I 


are a possibli threat to the 


Ence phalartos In 


where the leopards that usually limit the 


thie sur- 


vival of some areas 
baboon population are shot for their skins 


(181). Miss 


seeing signs 


and to protect livestock 
l tt.) 


the 


Verdoorn (in tells of 


that rodents e: fleshy part of the 


seed: heaps of kernels can be found un- 
der 


to be 


rocks Encephalartos seeds are said 


eaten by elephants also (181) 


VWACROZAMIA 
Seeds 


In south Western Australia the fleshy 


coat of Macrozamia seeds (M. reidlei, 
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5 e aa % 


Fic. 5. Aboriginal women and Cycas media, Arnhem Land, Northern Territory. Seeds of 


harvest amounts to 


this cycad are a major source of food for the aborigines, and the annual 
many tons 
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VW. dyeri), rather than the starchy ker- 
nel, is eaten by the aborigines (18, 85, 
89, 102, 103, 165) 

scriptions of the preparation ol the seeds 


(102). 


Typical of the de- 


for food is that given by Grey 


pulp of this nut is 
fond 


In tl 
oronous 
depriv. 


rst soaking it in 


ves who are very 
it of its poisonous qualities by 
and 


leave 


1o! i few days 


then burying it in the sand, where they 
until the pulp is nearly dry; it is then fit to 
Thev generally roast it 


remarks that it is not 
find the 


“either 


Edwards (89) 


uncommon to seeds undergoing 
the soaking process in shallow 
‘ 


brooks or suspended by a string attached 


to a stake on the sea beach.” The fleshy 


seeds is said to form a chief 


food Eu- 


coat of the 


in the autumn (85). 
ropeans who have eaten the prepared seed 
of the 


rancid, 


articie ol 


differ in their appraisal 


finding it disgusting, 


coats 
flavor, some 
and like 
sider it quite as good as that of a chest- 
nut (103). 

The 
Vacrozamia spiralis—‘burrawang’’—for 
food by the of New South 
Wales was made by Governor Phillip in 
1788 as follows: “‘There, the 


train oil (85), while others con- 


earliest mention of the use of 


aborigines 


natives eat 
kernels of that fruit which re- 
a pineapple” (210; see 
165, 284) According to Maiden (163), 
one nt the of 
| for the New South Wales aborigines 


aiso Lili 


, | ) 
sembles aiso dv, 


most important sources 


the seeds ol Vacrozamia (see also 


Before the kernels could be eaten, 


were made innocuous by a process 
pounding, and soaking in 
131, 186, 187, 234). “The 
pound the of 
Zamia spiralis, and then place the 
for two or three weeks in water, to take 


roasting, 
water (28, 70, 
} 


blacks and seeds 


roast 
mass 
out the bitter principle, after which it is 
(18). 

preparation 


food 


eaten”’ 
The 


Wi que l 


M. 


aborigines of 


of the seeds of 


lor by the 
northern Queensland is described as fol- 


lows (267, 268; see also 21, 274): 
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ind sepa- 
half 
ind the 
divided by a 
dilly-bag 
they 


orange-red when ripe 
baked for 


The seeds 
rating freely 
under ashes; h tsice 
are then broken, and the 
the kondol 

ind earried to 
eight 


ibout in hour 


covers stones 


kernels 


stroke of ire put in a 


i stream or pond, where re- 


main six oO! days before they are fit for 


eating 


A starch, called of excellent quality 
(159, 163), can be manufactured from 
seeds of V. sp ralis The quantity ol 
seeds produced by these plants is said to 
be (165). the 


starch have been shown 


prodigious Samples ol 
at exhibitions in 
Europe and Australia (39, 40, 165, 187). 
Moss (187) describes as his 

bur- 


method 


follows 


of preparing starch from 


rawang seeds (see also 186): 


from the nuts, then 


I had the shells broken 
placed in tubs of pure water and pounded quite 
then roughly 
debris of the nut 


cheesecloth 


wooden rammer; 


soft with a 
way; 
ind the 
to stand hours in 
of fresh water idded 
in the interval. I had spill holes made in the 
isk within a few inch 
could be drawn 


sediment 


strained to get all the 
then strained through fin 


liquid alowed for forty-eight 


plenty being 


i long cask 


s of the bottom, so that 


without disturb- 


After 


times, 


the watel off 
draining 
until 


formed 


ng the in any way 
ind 
the oil disappeared, then the 
the The was then all 
the arrowroot cut out and 


sun reduced 


re-adding pure water several 
trrowroot 


1 cake at bottom wate 
off 


the 


rolling 


cake of 
und 


di iwn 


dried in then, when dry 


fine by 


Moss further tells of a child who, as a 


baby, was reared on “nothing else” but 
Maiden 
(165) mentions a family that used such 
starch daily and found it very nutritious 


starch from burrawang seeds. 


Old ne wspaper reports te ll of the use of 


seeds of M spiralis by early settiers 


l 


the ’ 
for the production of starch (127). 

M. spiralis seed starch grains have 
been described by Norrie (195). They 
are generally of two distinct sizes, “large 
and small,” with few intermediates. The 
smaller grains are chiefly round, rarely 
oval, and not provided with a hilum 
The large grains are pertect ovoids and 
Fresh bur- 
30-40%. of 


resemble small bird’s-eggs. 


rawang seeds contain about 
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152, 209, 274) Caleu- 
lated to dry substance, 
about 65-70% (11, 204) 


starch (11, 67, 


starch content is 


Stem Starch 

j Va ro 
V. spiralis of coastal areas of New South 
Wales and Queensland, and M. revdlei 
(M. fraseri) of south Western Australia 


abundance to 


At least two species of Zama 


occur in sufficient 


commercial importance as a source 
(67, 152 The 


Vac- 


rozamia seeds were an important article 


starch from their stems 
aborigines of these areas, to whom 
of food, seem never to have utilized the 
abundant starch contained in the stems 
of the plants (148, 188). At 
Western Australia, early settlers made 


least in 


use of this starch which they extracted 


by a process deseribed as follows (57: 


see also 89): 


stem is dried either in th 
shredded up and 
soaked in water for six hours. It is then shaken 
up and filtered, the milky 
to settle The sediment is 
dried finely 
is ready for use 


The pith of the 


sun or by heating in an oven 


fluid being allowed 
washed several 
powdered ind 


times slowly, and 


M. reidlei (M. frase ri) (Fig. 1) can at- 
Yield 
of starch from the roughly trimmed stem 
ranges from 25 to 40% 


tain a weight of more than a ton 
calculated on the 
moist plant. On the same basis, fibrous 
material represents about 20°. M. reid- 
for laundry 
purposes as well as for food. Unfortu- 
nately, it appears that the starch has 


ler starch has been used 


not yet been produced sufficiently pure 

amount of 
finely divided fibrous matter—to be an 
acceptable product on the market (227). 


if always contained a small 


Probably more than any other Aus- 
VW. spiralis (Fig. 2) 
been investigated and exploited commer- 
Bur- 


source 


tralian cyead, has 
cially for the starch in its stem. 
rawang has been considered as a 
of starch for conversion into power alco- 
hol (67, 111, 152). 


furnished some interesting data on the 


These investigations 
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starch in burrawang stems Starch con- 
tent in various stems was found to vary 
considerably indeed 0.44% to 
13.12% (whole from 


Irom 


stem) calculated 


aleohol (approximately 


equivalent to percent of starch calceu- 


lated upon moist plant). Stems from 


area (Murwillumbah) were found to 


be useless as a source of aleohol he Cause 


one 
, , 7 
iow starehn content. while those 
from Bateman’s Bay had a much higher 


starch content and so were oO! consid r- 


ably ‘ value : ‘ aleoho!l 
ably more value as an aiconol 
This variation in 


Irom plant to plant and from site to site 


source 


starch content both 


explains at least artially the 


aiscre p- 


} 
ancies found in the figures given by vari- 


ous writers for the percentage of starch 
in burrawang stems (e.g., about 13% in 
25-30% 206). 


may also vary depending 


Cook, 67, to in Penfold, 


Such figures 
upon whether the outer or inner core of 
the stem or the whoie stem is analyzed 
\ transfer of starchy material from the 
outer to the inner core apparently takes 
at certain times of the year with 
he result that the inner core is the richer 
in starch at these pe riods. 

The investigators of M. sp ralis as a 
starch source for alcohol production con- 
cluded that the burrawang has possibili- 
t1es only In times oO! serious emerge ney 
The high fiber 
particularly the outer cor found 
to be a hindrance to the extraction of 
starch. ‘Until 
for the fibre, or 


content of the stem 


was 
some 


use found 


until it can be proved 
advantageous to hydrolyze it completely, 
must be confined to the 


attention inner 


core as a source of alcohol”. Further, 
the manufacturer’s cost for the stems was 
found to exceed considerably the 


afford to 


price 


and still make 
his business profitable (67). 


In a 


he could pay 


venture distinct from that con- 
cerned with the production of alcohol 
from M. spiralis, a company was formed 
in New South Wales in 1921 to 


facture this species 


manu- 


starch from (206 ; 
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} ] ; 
rlai COs 


er ton) of corn, ft ( AW hae 


ta? Ae Fs 2 a ‘. 4 " oo 


Fic. 6. Women spreading C 


Seed kerne ire 


{cas é 


ground to a meal and used 10! 


Reports received from various laun- 


dries where burrawang starch was tested 
indicated that this starch was found t 


be 50-70% 


starches (206) 


, 
anda rice 


stronger than corn 
explanation given 
Rice starch con- 


for this is as follows 


sists of very fine grains, while corn starch 


1 


is much coarser. M. spiralis starch grains 
are of various sizes from very fine (simi- 
lar to rice) to coarser particles approach- 
ing the size of The { 
that the grains of burrawang starch ar 


those of corn act 


oluta seeds on beach to d 
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graded accounts tor the strength of Is 


starch rhe fine grains penetrate into 


thie body oO} 

ones remain 

then, 

heeded 1n 

Nt \\ 

conversion 
Penfold 


used 


South 


Residual 
Wales li 


into commercial 


LOry were ust 


(206) mentions t 


+ 

. f ; ° 
< “ » | ~ 

A : 


we 


sun, Amami Oshima. 


food 


in surprising quantities by manufactur- 
not less than 10 tons per day were 
1934 in New 


ers 
manufactured and sold in 
South Wales 

The 
pered for a while, but owing to certain 
technical difficulties which developed, it 
‘lose. It never 
opened. Efforts are mad 
time to re-establish the factory, but with- 
The cost of labor would be 


burrawang lactory pros- 


was forced to has re- 


from time to 
out success. 
prohibitive in Australia at the present 
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ba ares a, be 
‘ae ‘, a 
¥ P| pe one eS aol 
ee ore 
We. “Sis 
sf 7 


Basket containing seeds of Cycas revoluta, Amami Oshima 
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time ‘} ain t nical difficulty 


deve lop i Was the occurrence ol a 


brown stain on the starch particles af 
drying. TI 


ro 
This discoloration could not 


removed economically (Penfold, in litt.) 
Nave 


thie 


burrawang starch 


(1953) been 


Samples of 


recently submitted to 


Division of 


ana 
Transport, Commonwealth Scientifie and 
(Aus- 


tralia), for analysis with respect to sult- 


Food Pre servation 


Industrial Research Organization 


ability of the starch as a source of 
The 


from the starch was found to 


glucose (Gresford, in litt.). vield 
ol glucose 


be 90.4% 
toxic 


the starch was of the 
and total 


macrozamin; nitrogen 


Ac- 


1 


cording to Mr. M. C. Baggs of New South 


(calculated as protein) was 0.35% 


Wales, who has for years been endeavor- 


ing to get finance to exploit the burra- 
wang, there is a prospective customer for 
30 tons of starch per week to manufac- 
ture into glucose (Baggs, in litt.) 
Utiuity of Macrozamia for Stock Food 
starchy stem of 


be 


water, and 


‘he interior of the 
Vacrozamia ean 
boiled in 


used as food for poultry, pigs, and calves, 


several species of 


grated or ground, 
the heat apparently inactivating the poi- 
287). This 


sonous principle (57. food 
has been called “wholesome 


and nutriti- 
ous” and has been highly recommended 
(89). On the 
ing to note that, in a feeding experiment, 


other hand, it is interest- 


a decline in egg production in poultry 
and an increase in time required for pigs 
to become re ady lor market were noted 


in animals fed upon Macrozamia (13) 


STANGERIA 


Baboons are said to be quite fond of 
the seeds, probably the fleshy testa only, 


ol Stange ria paradoxa (58) 


Cycads as Poisonous Plants 


™ venty-five vears ago, 1n the Austral- 
asian Chemist and Drugqist, Baron von 
Mueller (188) made 


ment about the poisonous nature of cy- 


the follow ing state- 
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“As pharmaceutie gentlemen will 


be aware, all Cyeadeae are pervaded by 


a virulent poison-principle, which be- 


by heat, and 


comes mert or expelled 


hence has eluded hitherto isolation in out 
chemical experiments.’”” Information re- 
lated to the poisonous properties of all 
genera of eyeads except Ceratozamia 
and Stangeria has been found by the 
Heat, in 


stance (238), did not reduce the toxicity 


present writer at least one in- 

of the poisonous principle of a cyead. 
The ill effects attributed 

tions of cyeads seem to fall into two 


(1) 


following the ingestion of seed ker- 


to eating por- 


categories (63): an acute, irritant 


elfect, 


manifested in and other ani- 


and (2) 


nels, man 


mals; a chronic, nervous affec- 


tion, following the ingestion of cyead 


leaves, manifested especially in cattle. 


BOWENIA 

Bowenia spectabilis is regarded as def- 
initely that 
upon the leaves, the poison being cumu- 
and leading to weakness in the 
hindquarters (127, 286). The poison- 
ous nature of this species has been proved 
(289). 


reported to 


poisonous to stock graze 


lative 


by feeding tests Bowe nia ser- 


rulata has been be very 
poisonous to cattle, causing lumbar pa- 
(286) the 


crystalline substance first isolated from 


ralysis Macrozamin, tOx1c 
has been found in 
Bowenia serrulata (what part not stated), 


Vac rozamia spiral s, 


while tests indicate that seeds of B spec- 

tabilis probably contain this principle 
(222). 

Y( 

Seed kernels of Cycas circinalis were 

(S81) 


from them a toxic, amorphous glucoside 


AS 


studied by Dongen who isolated 


1 


that he named pakoein and considered 
to be the toxie principle of the seed. 


Pakoein is described as a pale yellow, 
amorphous powder, soluble in water, but 
insoluble in alcohol, benzene, chloroform, 


ether, methanol, acetone, and petroleum 


Fig. 8. Extraction of starch from stem of Cycas luta, Amami Islands 


Removal of outer layers of stem and chopping of stem into small pieces. (1 I ht) Pieces 


of chopped stem drying in the sun. (Lower left) Leaching macerated stem material with water 
The water is caught in a wooden tub Lower right) Bamboo basket containing macerated stem 
material, Starchy water can be seen in the tub be'ow 


99 


ECONOM IE 


81,87). With 


MCAS Circind S, 1s 


ether (15, pakoein, in 


seed ol ¢ 


associated 


cholosterin-like substance, pl 
toxie (47, 52, 231) 


eircina 


ivtosterin, 
In a test 


seeads ror the presence Ol 


said to he 


’ 
ObD- 


this 


macrozamin, negatl\ results were 
os P)* ser ol 


tained by Rigg 
have been 
acid 


species reported 


prussic (73) 

In Cambodia, seeds ol € ycas ¢ rcinal 
after crushing, are used fot poisoning fish 
(208) 


seeds Was given as 


In the ¢ ‘ele bes the juice ol ('ycas 
a drink to children to 
kill 
Nill 


W hich 


them. This was done in instances in 


vaarents wished to continue, 


by a family, their nomadic 


unburdened 
| forests (115, 116). 


way of 
The 


media (Fig 5) h 


seeds he Australian ( 


YCcdas 


ave caused poisoning in 


Europeans who, unlike the aborigines, 
did not 


make them 


seeds t 


lor food 


know how to treat the 


and fit 
Members of Captain Cook’s party at 


innocuous 


some and learned that the seeds “oper- 
ated both as an emetic and cathartie with 
great violence” 29, 53, 165) 
(200) mentions that white men 
have suffered very much from accident- 
ally or ignorantly eating ( 
Seeds of this cyead have been shown to 
be toxic to cattle (127). C 

fed to the Cook expedition hogs caused 
and the 
“with difficulty” 


(68; see also 
Palmer 


me dia seeds 
media seeds 


the death of two of the animals, 
rest were saved only 
(29, 53, 68, 165). Macrozamin has been 
found in the seeds of 
In 


rie dia Is a 


this species (222) 
central and northern Queensland ( 

staggers” in 
the 
This 


“Zamia 
cattle that feed upon the 
plant (92, 106, 127, 162, 167, 


eycad 1s reported to Cause 


cause ol 
leaves of 
286}. 
the 
also in horses and sheep (209). 
According to Nishida (193), fresh seeds 
ot ¢ 0.0164 
0.220% of (see 
132) 


tne 


disease 


contained 
CH.O 
After being crushed and dried in 
found to 
CH.O, of 
Yo- 


ycas revoluta 


combined also 
sun, these seeds were 
0.250—0.327°° of 


96% 


con- 


tain total 


which more than was free. 
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( fide 


ald hyde in ( 


189) found 0.005% 
revoluta stem and 0.15% 
kernel of the Yama- 
fuji et al. (293) found 0.110 mg. of form- 
100 ¢. of 


shimura form- 


in the fresh seed 


aldehyde pei fresh seed 
0.074 mg. per 100 g. of stem tissue, and 
0.021 meg per 100 ¢ of the 
“sago palm”, this pre sumably being Cy- 
The 


ls is almost completely re- 


tissue, 
] 
Ol leal tissue 


cas revoluta content of 


aldehyde 
the seed kern 
moved by soaking, washing, or boiling the 
slices (189, 193). 

Nishida, Kobayashi, and Nagahama 
(194) isolated from seed kernels of Cy- 
cas revoluta 


The 


were 


a toxie glycoside, cycasin 


reactions of cycasin and its spectra 


similar to those of mac- 


Riggs (223) considers cycasin 


found to he 
rozamin 
W ith 


to be identical 


glucosyloxyazoxy- 


methane isolated by 
( 


him from seeds of 


DIOON 

The 
(Fig. 9) 
emaciation and partial paralysis in ¢cat- 


tle (176, 177, 


Dioon edule 


are reputedly poisonous, causing 


buds and cones of 


252). 


ENCEPHALARTOS 


The seeds Encephalartos euqgene- 
and £., 
have caused poisoning in humans (256, 
278). Reitz (219), in his book Com- 


mando, 


maraisii, E. longifolius, villosus 
257, 
incident wherein a 


including General Smuts 


relates an 
number of men 
of a Boer commando became violently 
ill from eating the seeds of E. altensteinit. 
Two boys, of age twelve, are re ported by 
Juritz (137) to died 
seeds of E. cycadifolius 


quilt lmi). 


have from eating 
(E. frede rici- 
An investigation of the seeds 
of this species was made, and an alkaloid 
was extracted from immature seed coats. 
However, this alkaloid, even in large 
doses, did not poison guinea pigs or white 
rats. The boys’ deaths were then attrib- 
uted to over-eating, and no explanation 
was forthcoming of the “ingestion of an 


irritant poison’? mentioned in the post- 


ECONOM IE 


‘ 


Fic. 9. Dioon edule, 
obtained from the seeds of this species 
mortem report. Apparently the kernels 
of the seeds were not tested in this case 
it has been amply 
the 


more rect ntly 
that the toxie principle in 
at least several species ol En- 


lor 
shown 

seeds of 
cephalartos is apparently confined en- 
tirely the This 
known principle, a virulent liver-poison, 


to kernels as-yet-un- 


has been demonstrated in the 
E. cycadtfolius, E. horridus, E 
nu, EB, and &, 


257, 276, 277). The liver-poison of BE 


kernels of 
le Ahmar - 
(256, 


VULOSUS 


lonarfolius, 
vulosus can be extracted with aleohol but 
is destroyed in boiling aleohol (Enslin, 
litt.). 
covered In E 


in Macrozamin has been 


is- 
) but in what 
On the 


barkeri (222 


part ol the plant is not stated 
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near Chavarrillo, Vera C 


ruz, Mexico. Tortillas are made from a meal 


hand, in E. villosus 
tests for macrozamin were found (Enslin. 


n. litt.) 


other no positive 


WVACROZAMIA 


seeds 


Vac 

record 
polsoning Australia 
1697 V1: gh an al 


(near what 


\ member of the genus 
was responsible for 

In 
(62) 
his men 


learned, much to their 
emetic effect 


64, 114) 


violently 
seeds (2. 57, 
iter and also in Western 


Recher- 


ls 
he 
Lucky Bay, Archipelago of 


»), some of the members of the Flinders 


24 ECONOMIC 


“taken 


unwell all 


expedition were 


mained the day 


aiter eating Vacrozan a seeds 
62) 


Western Australian species (probably M 


also 53, The seeds of this same 


reidlei, when eaten by several of Grey's 


men, caused “violent fits of vomiti ac- 


lg, 


companied by vertigo, and other distres- 


= 


SE) 
»~ 


a 


Fic. 10 


Queensland. Arsenic is inserted into 


sing symptoms” (103; see also 53, 


165, 209). 
Early 


Ne W 


poisoning 


records of South Wales 
instances of from 


(probably M. spt- 


mention 


Vacrozamia_ seeds 


ralis). These seeds are said to have “oc- 


ecasioned violent retchings’” when eaten 
by some of the seamen of La Perouse in 
1788 (35, 62, 64, 165, 210, 284). 
Other records of M. spiralis poisoning in 
man are given by Bennett (39, 40) and 


Milford (186). 


so 
oo, 


The usual symptoms of 


Poisoned specimen of Macrozamia moorei 
a notch made 


BOTAN \ 


violent vomiting and purging have been 


followed. In the worst Cases, 


by death, 


according to Lauterer (148) The seeds 
Ol a eveadaceous plant are sald to have 


thre bovs at 


poisoned Springsure, 


Queensland (199). The species involved 
have been 


litt.) 


know n to 
(Everist, in 


In the ¢ 


Vac re 


ase 1s 


now 


Zana 


MLUUTE! 


, a> ™ 
* : ~ 


1 stock-poisoning cevead, near Springsure 


in the stem, and the } lant soon dies 


In the New 


South \\ ales in 1929 severe losses occur- 


istrict of 


Coonabaraban « 


red among sheep that had eaten seeds of 
Vacrozamia first thought to 
be M. spiralis (237, 238) but later identi- 
fied as M. heteromera (127) 


(3000 each) of travelling sheep were 1n- 


a spe ees of] 
Two mobs 


volved From the first, which merely 
the fringe of the burrawang 


country, 350 animals died; from the sec- 


touched 


ond, which crossed more of the burra- 
wang country and spent more time there 
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than the first, a total of 1850 was lost 


Losses continued for a considerable time 


nearly two months—after the animals 


ate the seeds. Experimental feeding con- 
firmed the tact that the seeds 


to sheep—from 4 to 8 ounces being 


lethal dose and also to cattl 2 pound 
being the lethal dose for a ve arling The 
seed coat was shown to be non-toxic fo 
sheep 
aiter 


Vomiting was produc | 
ingestion of 4 to 8 ounces of 


f 


ke rnels The poisonous principle Ol 


kernels was not appreciably reduced by 


boiling them for up to an hour; however, 


drying the seeds to constant weight at 


100° © did reduce the 
ably 


considaer- 


toxicity 
The investigators concluded that 
the toxin is a “specific protoplasmic pol- 
son having a selective action on endothe- 
lial cells’ (238; see also 127, 290) 
Macrozamia spiralis seeds are known 
to be toxic to cattle, fows, sheep, pigs, 
and (53, 70, 127, 
286). Three days after the ingestion of 
fresh rats died (209) 
but the experimenter ascribed their death 
M. moore said 


to cause horses to stagger somewhat in 


rabbits, guinea pigs: 


burrawang seeds 


to impaction seeds al 
their front legs, to step high, and, even- 
tually, to become nearly blind (288) 
Such symptoms, however, would appeat 
to be those caused by ingestion of leaves 
M. reidlei (M frase ru) 
seeds are reported toxic to ¢ ittle, vulnea 
pigs, and rabbits (14, 41, 169). Bailey 
(20) warned that the fruit of eveads is 


as dangerous to stock as the leaves—and 


rather than seeds. 


probably even more so—and advised th 
fruit before 
and liberation of the seeds 


destruction of the maturity 


Leaves 


Macrozamia, fo1 
(S89, 106), 


cause of a 


Various 
more 


species ol 


than %4 of a century 
have been recognized as the 


disease in cattle that browse upon the 


leaves. This disease, that causes serious 
economic loss in affected districts (63), 


has most frequently been called “rickets” 
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Zam 
(106). 


or “wobbles” 
a name suggeste Hall 
cepted and used 


appropri: 


a 
rl 


these times (9, 22, 58, 74, 89) 


situation exists in recently 


Vac rozariid ite 
} 


1ood avallab 


burnt 


almost the 
106) 


shoots are more toxic than olde r jeaves 


only 
Field evidence indicates that voung 
Dry leaves have been found to be much 
rreen ones (107) 


1S90—1900 


detailed accounts of 


less toxie than 
the period 


Since when the 


first zamia 


126), a 


iterature has been 


con- 


gers appeared (5, 74, 89, 


siderable built up 


around the disease, a subject that has 
been called one of “immens¢ 
(126) Dr. T. L. Bancroft, 
commissioned by the Queensland govern- 
ment 


this 


portance” 


who was 


to investigate Zamia stagger 
excellent description of th 
acteristic symptoms as manileste 


, ~ 
tie to): 


inimal m 
ithout shov iny 
sudd 
| 


1 dog Sick 


its hind fet] 


l 
enly it mav drag it 


locks, o1 may 
immediately afterwards righ 
itfected mals when excite¢ 


fall quit 


If it 


animal 


continues to ing amia, the 
progressively weaker and, 


bout, dies 


148, 167, 


when it can no longe 


Irom starvation (58, 74, 89 


255). If an affected animal is removed 


Irom the source of zamia, however, the 


disease will not become any worst The 


animal’s handicap—lack of proper con- 


trol of the hindquarters during locomo- 
lifetime of 


tion—remains throughout the 


ECONOMIC 


because damage 1s apparently 


before } 
(126) 
affected cattle may be fattened if placed 


he nerves even 


Ol symptoms such 


let Dut, because they may 


during traveling, 


is difficult, and 


frequently 


m to market 


some slaughtering condem- 


bruising (106). The 


there may be 


nation milk 
and meat ol zamia-affected animals 
89, 106, 255). 


Post-morten examinations oj cattle af- 


are 


quite W holesome (55, 


qd with Zamila staggers reveal no 


pro- 


nounced difficulties. There is often strain- 


f the ligament of the hip joint and 
straining and bruising of the liga- 


ment around the hock joint caused by 


the animal’s lack of prope! control ove! 
its movements (89, 106) 


the spinal cord and 


Changes in the 


nervous 


Its 


membranes injected with blood, the me- 


ninges thickened, the arachnoid 


brane covered with an 


mem- 


exudate, the spinal 


cord considerably sO tened were re 


I 
( rawley (74; 


slgns are 


the spinal cord 


(100) 
However, Hall (107) reported that sec- 
stained 


tions of spinal cord and nerves 


with haematoxylin and eosin or prepared 
he Marchi technique showed no ab- 
The same researcher, In an 


(106), 


aspect Ol Zama 


normality 
summarized 


, 
eariiel 
einectiyv this 


when he wrote that methods 


have failed reveal 


cause of the symptoms” 


der some conditions the leaves of M 


paulo-qu lie Lyn? can CvAuse conside rable 
live r severe 
(107). 


rozamia species 


damage with a terminal 
fibrosis of that 
The 


reported 


organ 
following Mac are 
induce zamia staggers in 
VU. douglasii (106. 107). M. miq- 
velit (20, 144, 167, 286), M. moorei (24, 
58, 286, 288), M. paulo-guilielmi (106, 
107), M. platyrachis (23, 127, 286), M. 
reidlei (incl. M. dyeri) (syn. M. fraseri) 
(1, 34, 41, 55, 57, 89, 98, 100, 114, 167, 


to 


stock: 
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172), and V 


167, 237, 238, 255, 


spiralis (63, 100, 106, 127, 


286 | 


Macrozamia 


Eradication 


Two eoul may he followed n an 


=eCs 


effort to prevent stock from beceming 


‘ . 
at . 1 
anected with Zama 


Vacrozan 


staggers 1n 
The first 


badly 


areas 
where ais present 
oft 
is long been the 
(106, 173) 


to be ned to 


lencing al- 


areas, as ! prac- 
These 
erazing 
and it is at 


; ] ] 
ice in Queensiand 


areas often have on 


in dry however, 


SCHSONS, 


times that serious loss of stock may 


these 
oecul 
The 


eation ol 


second involves th 


Vacrozamia 


task in view of the 


Courst 
piants, 

great density of zamia 
palms in certain districts. Several meth- 


ods are used to accomplish this destruc- 


(1) the plants may be 
(133, 164, 


here that cattle can be- 


crubbe d out 


tion: 


by the 173); 1t 1s of 


interest t 


come affect with zamia staggers trom 


eating the « leaves and even the un- 


derground stems of such plants that may 
(164); (2) 
that is, a 


ground 
“staked”’, 
bar or 


be left lying on the 


the plants may be 


tee] crow bar with 


end may be used to split the 


leading to rotting of the plant es- 


pecially if done during th 
(1, 57, 89, may 


be killed by the application of kerosene 


rainy season 


106); (3) zamia palms 
or arsenic to the “heart” or crown or, in 


the case of caulescent species such as 


(Fig. 10), into a 
30, 34, 57, 


Vacrozam a moore 


notch the stem (1, 


58) 


cut into 


Poisonous Principle 


Several investigators have atte mpt¢ d 
to isolate and identify the poisonous con- 
stituent ol Macrozamia The 
Norrie (186, 195), 
potassium binoxalate 


earliest of 
who be- 

be the 
toxic substance contained in the seeds of 
M. spiralis. Lauterer (6, 148) ascribed 
the i this 


these was 


lieved to 


toxic prope rties ofl seeds of 
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species to a resin soluble in ether. That 
V spiratis contains no active poisonous 
principle that can be isolated or identi- 
fied was concluded by Petri (209). 
Oxalie acid, which has been found in M 
reidler seeds (1), has been suspected 
be the toxie principle of Macroza 
(11), but has been exonerated by expr 
ment (126). The presence of ac 
tassium oxalate in JV. reidlei was held 
responsible for zamia staggers by Mann 
and Wallas (172; see also 1). The 
principle of this species was found 
soluble in water and alcohol, to be ne ither 
a glucoside nor an alkaloid (169), not to 
be precipitated by lead acetate, and not 
to be extracted by immiscible solvents 
(14). 

Cooper (70) isolated a crystalline sub- 
stance, which she named macrozamin, 
from seed kernels of M. spiralis. Mac- 


} ; Gum exuded 


rozamin Was shown to be toxie to guinea 


pigs when administered orally but not 
when injected subcutaneously Further ; , 
; hn reported i gui: ¢ ( 
(27, 28, 43, , 52, 69, 71, 86, 99, 125, 
134, 145, 1538, 155, 228, 229, 234, 273). 
( evoluta (28, 153, 236, 228, 246), ¢ 
imphu (115, 116, 125, 142, 143), ¢ 
siamensis (99, 143). and ¢ thouars 
sen , r et al. (146). and (208). ' ge witli — ora 
Riggs (221) wounds In the megasporophyvils (71. 
116, 246), stems (28, 69, 71, 
WICROCYCAS 153, 273), and leaves (153 


research has shown the presence Ol mac- 
rozamin in M. reidlet (157) and M. n q- 
vuelii, and its probable presence 1n V. 
moore, V/ paulo-quil é lm. V do iglas 

and M. hopei (22% Additional studies 


ol 


The roots of this plant are has observed 


used as a rat poison (57, 234). gum Irom megasporophyils 
nalis in the greenhouse of t] niversity 


Cycads as Gum Yielders f Chicago. When the terminal portion 


YCAS { a sporophyll is broken off, exudation 


. 1 , ‘ of gum from the now-exposed 
Of all the Cyeadaceae, Cycas is the 


genus most frequently cited as a gum 


canals” of the basal portion comn 

producer. As early as the beginning of RENOGIALELY and 1s Strong?) reminl 

the 19th Century (246) the exudation of SNe OS NOSES LER s 
cum from wounded megasporophylls ol Flow gum is confined almost 
Cycas revolufa was noted in western enure ly ie central area of the sporo- 
literature Certainly, however, Cycas phyll where the “gum-canals” are in 
gum was known in eastern countries long greatest concentration Short] 
before its mention in literature exudation begins, 


The following species of Cycas have ous can: fuses into a mass, 


tne gum trom 
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mucilaginous and transparent but late 


hardening and becoming light brown 


(Fig 


tears (71). Specimens of gum of C. c 


11) (‘ycas gum can occur also as 


Museum are in‘ 
(125) 


water, ( 


Ke W 


cinalis in the 
dark brown lumps” 
cas gum be- 
By 


it expands to 


When placed in 
almost immediately 


1s 
( 


: , 
end oO! several Gays, 


to swell 

the 
many times its original size and becomes 
so colorless and transparent that it can- 
e seen 1n water but must be felt for 
a rod (see also 52, 71, 72,101). Cy- 
cas gum has been likened in its proper- 
ilia tomentosa (71) 

] 


(‘ycas gum has been used medicinally, 


with 


1es to thi ot Sterc 
particularly as an agent that is said ti 
rapid 
to malignant 

225). The 


antidote 


suppuration when applied 
(69, 86, 142, 143, 


gum has repute 01 


produce 
ulce rs 
i a good for snake and in- 
bites (131, 234). The 


adhesive has 


use of C 


yucas 


as an been reported 


(115, 116) 
DIOON 


petiole ol Dioon edule 
(236). 


The 
. 


vield a gum 


ENCEPHALARTOS 


some species ol Ence phalartos vield 


from the cones (137) or petioles 
Irom 
rinel (291) 


hildebrandtwu in 


Museum consist of “ele 


Gum is reported to exude 


Lema anus 


he stem of E 
specimens ol gum ol kb 


the Kew ar yel- 
ars” 


by 


lk W or brown pencils and Te 


(125). 


Kaffir children and 


pale 
Encephalartos gum is eaten 


by birds (137) 


WACROZAMIA 

Over a century 
Wales, Backhouse 
tion of an insipid, jelly-like gum, whole- 
from Macro- 
As early as 1855, Mac- 
gum, to be “fine 
amber,” was exhibited in Europe (244) 
In addition to Macrozamia spiralis, th 


ago in New 
(18) noted the exuda- 


south 


some and not unpalatable, 


zamia spiralis. 


rozamu stated as 


as 
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following species of this Australian genus 
: M. 
nd M 


a 
soni) (72. 


are records d 


re lei (M 17 


‘sh ana 


as being gum yield 
aseTri)., V 
(VV de ni 


miquelr, 
pe rou 
161) 

Macrozamia 
stems and bases of 
159, 160, 161) 
only exudation 
parently spontaneous 
Iso (18, 38, 39, 40) 
instances, gumming follows attack on the 
y curculionid (160, 161) 
(247) bacterial origin 


to Macrozamia gum 


gum is exuded from cones, 
(45, 131, 147, 


reports mention 


leaves 

Most 
through wounds but ap- 
exudation 
In at 


occurs 
also least some 
be etles 
Smith ascribes a 


Vac rue 


character 


Gaums of the various species of 


zamia are nearly identical in 
(166) and have been described by various 
writers (45, 125, 147, 148, 159, 160, 161, 
204). The gums occur in flattened 


resembling 


pie CCCs 


“button lac’, in scaly 


like ned to 


pieces 
that have been unbleached 
and in te 
Placed in water, .Vacrozamia gum begins 
The 
on for several 
end of this the 


gum has swollen to from 50 to 100 times 


and unpurified gelatin, “ars 


to swell almost immediately ab- 


sorption ol water goes 


days, and by the time 


its original size. It then has the appear- 


ance of a colorless, quivering jelly. This 
behavior is much like that of cherry or 
acacia gums to which Macrozamia gums 


The 


ol Vacrozamia Was suspected once of be- 


are apparently quite similar gum 


ing resp nsible for the poisonous effects 


ol these plants but has beet exonerated 


(6, 148) 


Medicinal Uses of Cycads 


In Assam, the 


pect nata 1s used as 


pounded stem of Cycas 
a hair-wash for di- 
(138). 


seased hair roots In Cambodia, 


the mucilaginous terminal bud of C. cir- 
cinalis, crushed in rice water or in water 
holding in suspension fine particles of 
clay, is used in the dressing of ulcerated 
wounds, of swollen glands, and of boils 
(142, 182, 208). The juice of young 
Cycas leaves is supposedly good for flatu- 


Fic. 12. (Upper) Packing dried leaves of Cycas revoluta, Okinawa. The leaves are exported 


to America and Europe where they are used mainly in the manufacture of wreaths and 


floral decorations. (Lower) Bales of Cycas revoluta leaves being loaded onto scows, Okinawa 
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and vomiting bDioo 


ru mphu 


(220), as 


abundant polle 
» be strongly n: are 
his species and 


( circinal hat are commonly sold as 


an 


in bazaars in India (86, 225 


} 
Phe 


anoayne 
241, 285). 


a poultice é 


lemate reduced 


appnea » 101Ns, 
’ 


ported to allay nephritic pains (86, 2 


(_ycas seeds, pounded to a paste 


in coco- 
swellings, 
skin 
and 
1 the Philip- 


116, 231). 


aecocted 1n 


nut ol, are used tor sores 
, . ' ; 
wounds, bolls. and various com- 


soutnern south- 
Indon 81a, 


104 


seeds ot ¢ 


an 
115, 


Cas, 


65, 
The 
water, are emetic and stomach-purifying, 
Hasskarl (112) ( 
seed flour, In Ceylon, is esteemed 


remedy in bowel complaints and 


young 


according to ycas 
highly 
a> a 
haemorrhoids, for which purpose the flour 
is boiled and eaten (198) 

A liquid decoction of 
Dioor edule 


Mi xico lor 


thie seeds of 
is said to be employed in 
neuralgia (177, 252) 


Cycads as Oil-Yielding Plants 
Oils from two sp cies of eycads have 
The fleshy layer of the 
Macrozam a 


been studied. 


seeds of reidlei contains a 
bright orange oil (28.2% ) whose physical 
and chemical constants were found to re- 
semble those of palm oil (14, 88, 169). 

In his analysis of the seeds of (C'ycas 
revoluta, Peckolt (205) found the fleshy 
testa to contain 3.89% 
oil. 
sotetsu 


ol an orange-yel- 
low Much more recently, analysis 
of revealed from 20.44 
23.37% of oil, depending upon the method 
extraction (88, 231, 275). Oil from 


the seeds of Cycas revoluta is said to 


seeds 
ol 


have been used on Okinawa during the 
crisis of World War II. 


food 


Cycads as Nitrogen Fixers 


Many and possibly all eyeads have, in 
addition to the primary tap root, numer- 
ous small secondary roots, some of which 
form the root tubercles, 


so-called root 
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Reinke 
showe d 


nodules, or coral-like roots (251) 


(218) studied these structures and 


an alga, 


the presence ol Anabaena. 


The 
nodules was demonstrated by Schneider 


233) who considered the 


them presence ol bacteria 

alga, bacteria, 
evead to 
Life 


nodules of cyeads may have at le 


and eX1st 1n a 


svmbiotie rela- 
(151) concluded t} } 


tionship 


ast 


functions: (1) that of aerating, and (2 


ting in nitrogen assimilation 


assis 
In bacterial cultures 
Bottomley (48) 


, . 
evead nodules, 


prepare d by 


from the algal zone of 


two nitrogen-fixing bac- 


Pseudomomas radic cola and Azo- 


teria 
tobacte e 


That the roots ot C ycas revoluta, with 


were associated 


the assistance ol Anabaena, are able to 


air was the 
conclusion reached by Yoshimura (295). 
Mort Douin (82, 83) 


that eyead nodules with Anabaena con- 


ust the lree nitrogen of the 


recently, showed 
tain more nitrogen than normal roots and 
that the 
nitrogen 


alga is able to fix atmospheric 

In addition to the papers cited above, 
several to our 
knowledge of the root nodules of eyeads 
(59, 84, 110, 123, 124, 250, 283). Photo- 
graphs of nodules of Cycas and “nceph- 
Kellerman 


others have contributed 


alartos 
(140). 

While it is true that the cyeads have 
no agricultural significance as nitrogen 
gatherers, their importance in the nitro- 
gen cycle is at present unknown. Surely 
in areas where they are abundant they 


are reproduced in 


have played a role in the-maintenance of 
the nitrogen supply 
Cycas Leaf Industry 
Dried 


exported in large quantities from the 
Ryukyu Islands for use as 


leaves of Cycas revoluta ar 


decorative 
material. This little-known industry is 
A 1912 pub- 
lication of the British Foreign Office re- 


perhaps about 50 years old. 


fers to it as “recently developed”. About 
150 people are employed by the industry 
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Fig. 138. (Upper) Bales of Cycas revoluta leaves in warehouse of American Oak Preserving 
Company, North Judson, Indiana. The several processors in the United States preserve and 
hand-paint the leaves. (Lower) Ope n bale of Cycas evoluta leaves in ware house of American 
Oak Preserving Company, North Judson, Indiana 
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in Japan and the Ryukyus at the height 
of the season. 


Cycas leaves collected, starting at 


are 
the end of July, in several islands of the 
Amami-Oshima, 
Oki- 
There is no attempt to cultivate 
iarvest. The 


Ryukyu group such as 
Oki-erabu-shima, Yoron-jima, and 
nawa. 


eyeads for leaf | supply of 
wild plants is quite adequate although 
least in Okinawa, it is being reduced 
by the expansion After 


cut from the plant and sorted into 


of agriculture 
he Ing 


several size cl: , eveas leaves are ti d 
bundles of five each 


in and hung in a 
shady plac to dry for about two months 
They are then packed in bales that meas- 
feet (Fig. 12). The 
varies, de- 


re about 5«4x«3 


leaves 


number of per bale 
pending upon the size of the leaves there- 
3ales of 8- to 12-inch 

26.000 lea 
32- to 36-inch contain only 5000 
1000 bales of 


every 


in leaves contain 


\ of the 
About 
cycas leaves aré exported 
the 
Ryukyus to at least six brokers in Kobe, 
Yokohama, and Tokyo (Fig. 12). From 
there the leaves are shipped to overseas 


about while those 


ves, 


year. They are sent from 


markets, chiefly the United States, Ger- 
many, and Switzerland. 

An 3,000,000 cycas leaves, 
with a gross value of about $30,000, are 


estimated 


imported annually into the United States 
(Fig. 13). The 
has increased about seven-fold since be- 
fore \\ orld War I] 


prest rve 


price to the importers 
The seve ral proces- 
and hand-paint 
\ typical preserving 
involve = boiling the 


sors he re 


procedure 
leaves in water for a 
soaking them for 
solution. A 
large percentage of prepared cycas leaves 


is used in the 


short and then 


time 
several days in a preserving 
wreaths 


manulacture ol] 


and other floral decorations. Some leaves 
are used to make artificial palm trees fon 


window displays 


Cycads as Horticultural Plants 


Many species of cyeads, representing 


most genera, are cultivated as orna- 


BOTANY 


mentals They fairly easily grown 
In the 


tropics and subtropies the world over, 


are 
and are indeed handsome plants 
cycads are used in out-of-door plantings 
are familiar in 
conservatories where the V usually seem 


In cooler regions they 


quite well adapted to their artificial sur- 


roundings 


Cycads as Fiber Plants 


fine, pulu-like surface fibers 


{ 
| “palm wool” (SY) found at 


calle the 
1 } ] 

DAS ot th i~aves OT several species ol 
Vacrozam a and C‘ycas are used ior 
stuffing pillows and mattresses (23, 65, 


168). Surface fibers from the 


leaves of Cycas re oluta and C’. circinalis 


have been made into cloth (184, 232) 
3efore rubber was known in the Amami 
Islands, girls made balls by winding 
waste silk tightly on a core of “floss” 
from cycad leaves (109) 

The leaves of various cyeads (Cycas, 


Ence phalartos) are plaited or woven into 


hats, baskets, mats, and fences (47, 95, 
184, 213, 234, 242) and are utilized for 
thatch (80, 232) and brooms (254) 


Cordage and twine are said to have been 
made from ( “bark” 
(184) and from structural fibers of Cy- 
cas leaves (232). During the Exposition 
Paris in 1867, 


. ’ } 
ot ¢ ycas circinatis were shown 


ucas (“ecorce 4 


Universelle at “fibres du 
trone”’ 
(4). 


has 


The stem of Macrozamia spiralis 


been found to be unsuitable as a 


source of paper-making fiber (12). 


Miscellanea 

At 
present so lar as I have been able to de- 
the of ¢ 
was used in Japan to make small articles 
, and bottle 


one time—but apparently not at 


termine wood revoluta 


uUCcas 


such as boxes, pli stands. 
The (217) 


mentions “the beautifully spotted but 


Rein’s Industries of Japan 
very light and porous wood” of sotetsu 
utilized in the in- 
dustry of the Hakone Mountains near 
234). Stems of 


heing woodworking 


Yokohama (see also 52, 


ECONOMK 


C. rumphii are, in Indonesia, used to 
build small houses (65). Maiden (159) 
says of the stem of C. media: “Of no use 
for timber purposes, but perhaps it might 
be useful to a limited extent for rustic 
work”. 

The dry, stony seed-coats of some of 
the cycads—e.g., Dioon spinulosum and 
Cycas circinalis—are sometimes used as 
playthings or whistles by children (58, 
145). In parts of India, empty seeds of 
Cycas circinalis are used as snuff boxes 
(99), and, in Australia, empty seeds of 
two and 


Macrozamia denisoni, cut in 


provided with a hinge and clasp, are 
used as match boxes (58). 

The fresh or dried 
cycads serve as decorative material and 


leaves of various 


are, in many areas, used in religious 
ceremonies, e.g., Palm Sunday proces- 
sions as in Australia (131, 186), the Phil- 
ippines (46, 50), and Goa (76), and in 
native rituals as in the New Hebrides 
(77) and the Solomons (130). Around 
Dresden, entire 


houses were devoted to the growing of 


some years ago, hot- 
Cycas revoluta for its fronds that were 
used in funeral processions (131). Mau- 
(180) wrote on the production of 


Cycas leaves for decorative purposes, 


mene 


Acknowledgments 

I am especially grateful to the follow- 
ing persons for assistance given me dur- 
ing the preparation of this paper: Dr. N 
P. Badenhuizen, Witwatersrand Univer- 
sity, Johannesburg, South Africa; M1 
M. C. Baggs, Canley Vale, New South 
Wales; Dr. L. E. Codd, Division of Bot- 
any, Department of Agriculture, Pretoria, 
South Africa; Mr. 8. L. Everist, Botanic 
Gardens, Brisbane, Queensland; Dr. F. 
R. Fosberg, Pacific Vegetation Project, 
National Research Council, Washington, 
D. C.; Mr. G. B. Gresford, Scientifie and 
Industrial Research Organization, East 
Melbourne, Victoria; Mr. W. T. K. Hall, 
Animal Health Station, 
Townsville, Queensland; Dr. D. G. Har- 


BOTANY 


Oonoonba, 


OF THE CYCADS 33 


ing, Syracuse University, Syracuse, New 
York; Mr. E. G. Heap, Publie Library 
of Queensland, Brisbane, Queensland; 
Dr. F. N. Howes, Royal Botanic Gardens, 
Kew, Britain; Dr. G. J. 
South African Museum, Cape 
South Africa; Mrs. M. E. Norwood 
Young, United Kingdom Information 
Office, Johannesburg, South Africa; Dr 
A. R. Penfold, Museum of Applied Arts 
and Sciences, Sydney, New South Wales; 
Dr. G. B. Pickering, Colonial Products 
Laboratory, London, Great Britain; Mr. 
R. D. Royce, Department of Agriculture, 
Perth, Western Australia; Dr. W. C 
Sturtevant, Bureau of American Ethnol- 
ogy, Smithsonian Institution, Washing- 
ton, D. C.; Dr. T. Tanaka, College of 
Agriculture, Osaka, Japan; Miss I. C 
Verdoorn, Division of Botany, Depart- 
ment of Agriculture, Pretoria, South 
Africa; Mr. C. Vorm, American Oak 
Preserving Company, North Judson, In- 
and Dr. E. H. Walker, United 
National Museum, Washington, 


Great Lewis, 


Town, 


diana; 
states 
ss. © 

Figs. 1, 3, 4, 9, 


and 10 are from the 


C. J. Chamberlain collection, courtesy 


Department of 
Chicago; Fig. 2, 
Department, New South Wales; Fig. 5, 
Courtesy Dr. Donald F. Thomson, Uni- 
versity of Melbourne, Carlton, Victoria, 
Figs. 6 and 7, courtesy Dr. Douglas G 
Haring, Syracuse University, Syracuse, 
New York; Fig. 8, Hideo 
Haga, Tokyo, Japan; and Fig. 12, cour- 
tesy Mr. C. Vorm, American Oak Preserv- 
ing Company, North Judson, Indiana. 


Botany, University of 
courtesy State Fore strv 


courtesy Mr 


Literature Cited 
Adams, A. B. The 


destruction Jour 
Australia II. 2: 71-74. 1925 
\lexander, W. B. The history 
in Western Australia. I 
Hist and Sci. Soc. West 
19-64 1915 
Anonymous. The 
voluta Willd.) 
1864 


zamia palm and its 


Dept Agr West 


of zoology 
Jour. Nat 


Australia 5: 


sago palm 
Technologist 


ECONOMIC BOTANY 


Balfour, J. H. ( 

Edinburg] IS54 

Balfour, J. H { manual of 
Edinbourgh, 1875 
Journal of the 

Banks. Londo 


lass DOOK 


the cycads Mo 
65—S0 1955 


Barnett, L. Th 


of Madagascar 


or zan 5: 246-350 ISS9 


1056. 1912 
port ior the ve 
rade Japan Gre 
eign Office, Dipl. and Cons 
no. 4932 1912 1 ( mia } ilm 
macrozamia oO istrahia ept Leaflet 103 
S. Wal storv of New Sout] 


] Svdne 


on tl ¢ momic plants 


Kew Bull. 45: 203-215 


nf 


ing in Austral 
1] m 115-421 1919 
(nonymotl 


of zamia palm fo 
k food. Ag z Wales 33: 
169. 1922 


\nonvmous rinciple of zan 


fruit. The ialvst 65: 292. 1940 
Anonymo 


cals and d 


in \ ‘ Zeit ¢ 3 1804 
1952 g 


itherings in 
Anonymous mami n na-jl 


London, 1860 
survey 

in the Ryu 
Auden, H. A 

London, 1922 

Ouse J An 
ustralian colonies 
I tar | ti in the Jennett ints poisonous to 

he Islands Ip} JOU! I in ern ist | i Jou Rov 
9%. 1908 ‘ est ustralia 21: xi-xxi 1935 
M Plants 1 Bertoloni, G. Illustrazione di piante Mo- 
(order Cycadaceac . I zambicesi. Mem. della Accad. delle Sci 
Jour. 2: 3 3 del'Istit Jologna 3: 249-267 IS51 

M. The let flo Birdwood, G. C. M. Catalogue 

1902 economic products of the presi 
M Phe wee r | 


ted Bombay < hye Ing a cat ilogue 
] ; f 
pomonous n 


in ernment Central Museum. Division 
bane, 1906 Raw produce (vegetable). Bombay 
Bailey, F. M. Comprehensive catalogue 1862 
ol Quee nsland lants Brisbane 1909 sss hop Grevelink Planten van 
a 3 Poisonous weeds in the Nederlanch-In« r voor handel 
re district Queensland Ag nijverheid en ger unde. Amsterdam 
Jour. 6: 39-42. 1900 ISS3 
Jaker W Eight vears in Cevlon 45. Blackett, C occurrence of ba 
London, 1891 sora gum in the Cvyceadeac Pharm 
Balfour, | The eve lop iedia of India and Jour. and Trans. III. 13: 104-105. 1882 
of eastern and southern Asia. I, 3rd ed 46. Blanco, M. Flora de Filipinas. ITI Ma- 


London. 1885 nila, 1879 


ea os Kaa i 
ECONOMIC BOTANY OF THE CYCADS 35 
17. Bor, N. I Manual of Indian f bo woordenboek \ Neder! Indie 
iny Bombay 1953 2nd ed Amsterdar 1927 
iS. Bottomley, W. B. Some effects of nitro 66. Clever, A. De arbore Japonensium tschoo- 
gen-fixing bacteria on the growth of non ditsoo sive tschoot-itzu Mis Cur 
leguminous plants Proc Roy. So Acad. Caes.-Leoy Nat. Cu 3: 208 
London B. 81: 287-289 1909 1696 
19. Brough Smyth 4 The aborigines of 67. Cook. G. A The possibilities of powe 
. Victoria. I Melbourne, 1878 leohol and un other f n Aus 
50 grown, W. H Wild food plants of the tralia Council Sei ind Indus. Res 
Philippines. im Brown, W. H., ed. Mi- Australi gull. 33. 1927 
nor products of Philippine forests 2 68. Cook. J. The three vovag if ¢ tain 
239-377 (Philippine Dept. Agr. and Nat James Cook round the w i II. Lon- 
tes., Bur. Forest. Bull. 22 1921 lon. 1821 
51. Buchanan, F \ journey tro Madra 69 M. ¢ R y ns 


rough the ountries ot M vsore ( - oleo-re n ind resir 5 mduets j 
nara, and Malabar II London, 1807 Ind Museun oO vd ed in J] 
52. Burkill, I. H A dictionarv of the eco- London. 1874 


nomic products of the Malay Peninsul 70. Cooper, J. M. Isolation of a toxi nci- 
I London, 1933 le from the s | if VW ) Di- 
53. Burton. J. ( Plants neluding fung Jour. and Proc. Roy. Soc. N. S 
poisonous or otherwise injurious to mal Wales 74: 450-454. 1941 
in Australia Agr. Gaz. Tasmania 22: 71. Cordemov. H. J. de G ésines 
361-367, 401-403. 1914 d'origine exotique et végétaux qui les 
54. Caldwell, QO. W Vicrocy ( CO? oduisent particuli lans les 
Bot. Gaz. 44: 118-141 1O07. Colonies Francaises Paris, 1900 
5. Cameron, 8S. 8. Diseases of farm animals 72. Cordemoy, H. J. de Les plantes 4 gom- 
Jour. Dept. Agr. Victoria 7: 45-53, 100 mes et A resines P 1911 
110. 1909 73. Cranwell, L. M 1G J. E. Food 
56. Capus. G nd Bois, D. Les oduits 


loniaux. Paris, 1912 
57. Carne, W. M., Gardner, ¢ \ ind Ben- 
netts, H. W The poison plants of 
f . Western Australia. 2nd ed. West. Aus- 75. Crovest, C.. end Denes. C. Catalenn 
ralia Dept. Agr. Bull. 96. 1926 des produits de Indochine. I. Hanoi- 
58. Chamberlain, C. J. The living eyeads ethene 100% ; —— 
Chicago, 1919 . Tisha TO. Mie dole 8 


59. Chaudhuri, H., and Akhtar, A. R. The Wee y 


d Lisboa. 1898 


Australia) 5: 399-402 1898 


coral-like roots of Cycas revoluta, Cy = : a ) 
cinal es Zan Ar lan ind the ‘4 De — \ B M lekul \ nishing 
le in the New Hel les London, 


ilga inhabiting them. Jour. Indian Bot 
Soc, 10: 43-59. 1931 : 
60. Chevalier, A. Les Cyeas d'Indochine Rey 8. Decrock, 1 Contribution a l'étude des 
Bot. Appl. et d’Agr. Colon. 4: 472-473 fecules de I'Indo-Chine. Ann. Mus 
1924 Colon. Marseille II. 6: 67 129 1908S 


193 


61. Chopra, R. N., Nayar, S. |] ind Chopra 79. Degener, O. Naturalist’s south Pacific ex- 
: Glossarv of Indian medicinal pedition: Fiji Honolulu, 1949 
plants. New Delhi, 1956 S80. Dodge, C. R A descriptive catalogue of 
62. Cleland, J. B Plants, including fungi iseful fiber plants of the world. USDA 
poisonous or otherwise injurious to man Fibe Invest. Rept. 9 Washington, 
in Australia Australasian Med. Gaz 1897 
35: 541-544, 569-572 1914 Sl. Dongen, J. \ Bidji pakoe had ( 


63. Cleland, J. B Plants poisonous to stor k cinalis I Pharm. Weekblad 40: 
in Australia N.S. Wales Govt. Bu 309-313. 1903 


{ Microbiology, Rept. 3: 187-217 1914 82. Douin, R. Sur la fixation de l'azote libre 
64. Cleland, J. B Plants, including fung par les Myxophycées endophytes des 
poisonous o1 otherwise injurious to man Cvycadacées Compt Rend Acad. Sci 
in Australia Med. Jour. Australia 2: Paris 236: 956-958. 1953 
. ” 143-451 1925 83. Douin, R Nutrition azotée et nutrition 
65. Clereq, F. 8S. A. de. Nieuw plantkundig carbonée des Anab idophytes des 


ECONOMIC 


sé! ° 
1954 


haena 


Lyon Univ. Ann 
Sci. Sect. ( Sci. Nat. 8: 57-70 
Douin, R Pigments des An 
dophytes des Cycas. Compt. Rend 
Acad. Sci. Paris 239: 76-78. 1954 
Drummond, H. Useful products of West- 
Australia Technologist 2: 25-28 


Cycadacees 


en- 


ern 
1862 
Drury, H 


2nd ed 


The useful Ind 
Madras, 1873 

Duyster, M. Giftige indische 

plantenbestanddeelen 

icky, E. W Vege 
York, 1954 

irds, H. H eport ol 


mary 


plants of 


planten en 
1927 


and Oils 


Jando ng 
table lats 
the 
the 
“rickets” or “wobbles 


West. Australia 1: 


govern- 
dist ist 
Jow 


225-234 


ment veter surgeon on 
known as 
Bur. Ag 
184 
ichler, A. W 

\ and P; intl 
Pflanzenfami 

ngler, A flanzenwelt 
und der ichbargebiete. B 
pflanzen Ost-Afrikas 
wart, A. J ds 
ind naturalized aliens of \ 
1909 


Engler 
natiirlicher 
1SS9 
Ost-Afrikas 
Die Nutz- 
rlin, 1895 
The wer oison plant 
bourne 
“ylmann I 
loni 
iguie! 4 Th getable 


Siidaustr 1908S 
world 
don 

3 in Gamble, J 
Flora of len of Madra 
ndon, 1928 
rs, M \ 


Londor 


ische 


1814 
Philippine 


1 Bennetts, H 


A., an 
ints ol Weste rn Australia 


1840 
Grey (; Journ 


don 
ils of two expeditions of 
aiscovery in ind 
Australia London 

Guet », L.M 


pine plants 


north-west 
1841 
Medicinal uses of Phil p- 


In Brown, W H., ed 


BOTANY 


Minor products of 
149-246 (Philippine 
Res., Bur 
Haines, H. H 
Orissa. IV 
Hall, W. T. kK 


Cue 
< 


forests 3: 
ind Nat 
1921 
Bihar 


Philippine 
Dept 
Bull 
The botany of 
London, 1922 
Zamia st 
nsland Agr. Jour 
Hall, W. T. K \ 
ind xanthorrhoea poisoning ol cattle 
Australian Vet. Jour. 32: 173-174. 1956 
Hari D. G The island of Amami 
Oshima in the northern Ryukvus. Pa- 
ific Sci. Board, Nat. Res. ( ouncil SIRI 
Rept. 2. Mimeo. 1952 
Haring G Folk music of the 
Islands (Explanatory booklet 
Folkways Library record 
P448.) New York, 1954 
Sur Ine ilgue qui 
emes des C ye 


Sei. P 


\g) 
Forest 22) 


ind 


iwgers in cattle 
79: 173-177. 1954 
macrozamia 


note 


on 


Amami 

in Ethnic 
ilbum no 
dans 


Rend 


vil 
dees. Compt 
ris 115: 325 IS92 
Macrozamia spiralis as a 
trial aleohol acl 

1: 470-475 


iteekeningen over 


and 
1919 

het 
vewoners aan 


van Java 


1 dat eiland toege sch- 
1845 
rievants notes on 
wrk Dept 
1919 
poison 
West 
1921 
planten van Neder- 
1927 
nuttige iten van Indo- 


1950 


Agr 


plants of 


Australia 


Batavia 


2 


enhage an 


Mombassa nac h 
ll. f. Erdkunde 


die 


R.., 


tiirke und 
Benedikt 
ne Waarenkunde und 
to Kassel and Berlin, 1882 
2. => Dion « I Curtis’s Bot 
Mag. 101: 6184 IS75 
Hooker, W.. Curtis's 
Bot. Mag. 5 2826, 2827 1828 
Hooker e jt evol Curtis's 
sot 2063, 2964 1830 
Hooker J. Encephalartos caffe 
tis s { ig. 82: 1903. 1856 
Horejsi, J. Einiges iiber dic 
Alge in den Wurzeln 
olut Bull. Inter. Ceska 
Frantiska Josefa 15: 35-44 
Horejsi, J 


nech u Cycas revol 


Cur- 


symbiontische 
von Cycas e- 
Akad 
1910 


icka rasa sina 1 


Cisare 


kore- 


Rozpravy Ceske 


Symbuiot 


ita 


ECONOMIC BOTANY 


Akad. Cisare | Josefa IT. 19(9 
1-32. 1910 
125 Howes | N Vegetable gums and resins 
Waltham, Mass 1949 
126. Hunt, J. S. Rickets Ann. Rept 
Agr. Queensland 1898-1899: 71-7 
Hurst, | The ison plants 
South Wales Svdnev, 1942 
Hutchinson, J. Contributions towards a 
phylogenetic classification of flowering 
plants. II] Kew Bull. 1924(2 19-66 
1924 
Hutchinson, J ind Rattray, G (veada- 
COM ly Hill \ W ed Flo i Capen- 
1 sect. 2 (Suppl 24-44. 1933 
Ivens, W. G Melanesians of the south- 
east Solomon Islands London, 1927 
Jackson, J. R Cvyeads Intell. Obsery 
5: 246-252. 1864 
Jackson, J. R Notes on some Africa 
vegetable products. Technologist 4: 471 
177. 1S64 
Jensen H ] The Zama oblem \gi 
Gaz. N.S. Wales 21: 101 1910 
Jensen H LL. Microbiologi« il pre 
of macrozamin. Australian Jou 
125. 1944 
Jumelle, H. Les cult 


ilimentaire 


ul 
n 


] 


ures coloni iles 


ind their investigation 
Meet. } Afr. Assoc 100-145 
Kanjilal, U. N tal lora of Assam. IV 
Caleutta. 1940 
Karsten, H. Flora von Deutschland, Oester- 
reich und der Schweiz. 1. 2nd ed. Gera- 
Untermhaus, 1895 
Kellerman, K | Nitrogen-gathering 
plan s USDA Yearbook 1910: 213-218 
1910 
Kinch, E. List of plants used for food o 
from which foods are obtained in Japa 
Trans Asati sor J ipan nas 1-30 
1ISS3 
Kirtikar, K. R., and Basu, B. D. Indian 
medicinal plants. IV Allahabad, 1933 
Kurz, 8S. Forest flora of British Burma. II 
Caleutta, 1877 
Lamb, 8S. Plants injurious to stock—the 
zamia Agr. Gaz. N. S. Wales 6: 505 
1895 
145. Lanessan, J. L. de 
Colonies Francaises. Paris, 1886 
146. Langley, B. W., Lythgoe, B.. and Riggs 
N. V. Macrozamin. Il. Jour. Chem 
Soc. 1951: 2309-2316. 1951 
Lauterer, J. Gums and resins exuded by 


Les plantes utiles des 


THE CYCADS 


Queensland plants chemically and tec] 
nologi ally « eribed ensland De 
13: 35-S0 1S96 


ms on ricket 


59-60. 1843 
J. Medical 


London, 1856 


zamin. I. Jou ‘het oc. 1949: 2716 
2718. 1949 

Macmillan ; ruit iltivation in 
Cevlon ro} {86-494 
1905 

Maiden, J The useful 
of Aust Svdney, 1SS9 

Maiden, J Vacrozami Ence phalar- 

) gum. Chem. and Drug. Australasia 

5: 20, 44-45 1S90 

Maiden, J. H V ac 

gum. Pharm 

21: 7-S. 1890 

Maiden, J. H ints reput to be poi- 
sonous t tor I Ist! l I Gaz 
N.S | ( 22 1897 

Maiden, . Some plant foods of the 
iborigines N.S. Wales Dept \gr Misc 
Publ. 217. 1898 

Maiden, J. H. Effects on cattle of eating 
macrozamia roots, Agr. Gaz. N.S. Wales 
10: 1259 1899 

Maiden, J. H Native food-plant 
Wales Dept. Agr. Misc. Publ 

Maiden, J H The gums 
other vegetable exudations of 
Jour. and Proc. Roy. So 
35: 161-212. 1901 

Maiden, J. H. Plants reputed t 
sonous to stock in Australia 
Wales Dept. Agr. Misc. Publ. 477. 1901 

Maiden, J. H. Some Australian vegetable 
fibres N. 8S. Wales Dept Agr. Misc 
Publ. 550. 1902 


ECONOMIC BOTANY 


Malloch, F. J Chemu examination ol tral ‘| 
the seeds of Mar vd t (Zama 5: SO-S1 ISS3 
palm ) Ann. Rept. Chem. Branch, Mines kamur ind Nakajima. B Nosam 
Dept., West. Australia 1939: 13-14. 1940 e! (Agricultural-industria 
Man, |] H The Nicobar Islands Te re urce ‘okvo, 1943 
their people. Guildford, England. n.« : evi ‘he Vaeddas of Cevlon 
Man, E.H. On the aboriginal inhabitant probamian 1: 175-197. 1886 
of the Andaman Islands London 3 1a Siochemical studies on the 
Mann, I A.. and Wallas, T. I Investi go palm Jour, Agr. Chem. So 
gation of the disease in cattle known Japan 10: 374-378. 1934 Original not 
rickets” or “wobbles”, and examinatiotr seen. Abstr, in Chem, Abstr. 28: 5097 


em ind Drugg 


of the poisonous principle of the zamia 2. Nishida, K siochemistry of Japaness 


nalm (Macrozan Seal Jour. and sugo plant. III. Jou ! ‘hem. So 
Proc. Roy. Soc. N Wales 40: xx Japan 11: 357-364 3! riginal not 
1907 seen Abstr. in Chem str. 29: 6616 

Marks G Zamia ountt! in labulan ' Nishida K Biochemi tudies on ¢ 
district Agr. Gaz ‘ 23: evoluta. VI Jour. Agr. Chem. Sov 
1056-1058. 1912 Japan 12: 1106-1116 1936 

Marloth, R. The flora of Sout} fries not seen Abstr. in Chen 
Capetown, 1913 2640 

ai arenes . - : ea Nishida, K 
Lond n 


/ 


Las plantas medici 


1933 


ion ot 


ee ee Zamuw sp W 


islands soutl 
r 94 1956 
Masters, M. T. Enceph to 
ley, J.. and Moore, T., ed. ° 
of botany London, 1866 
Maumene, A. Production de 
Cycas pour l’ornementatior 
11: 74-76. 1897 
Melville 


hanesy Se. Contributions 
ra of Queensland with an ey 
1957: 237 Rockhampto 
médic ilk 
gienne Bull con. de l’Indoc! by 
S., no. 200: 197-276 1929 Queensland, Fli 
Meéne. EF Des productions végétal vers for food, medicine 
Japon i l’Exposition Universell (lt et Jour ind Prov Roy Sor N ‘e) 
1878 ull. Soe. d’Acclim. (Paris ’ 17: 93-113 
7: 349—386. 1880 irham, H. B. R 
Méne, E. Des productions végétal 
Japon. Bull. Soe. d’Acclim. (Paris 
8: 346-379. 1881 
Merrill, E. D. Emergen 


lants used 


ISS4 

i Fiji native plants 
Polynesian Soc. Memoir 16: 1-160. 1943 

Parkinson Cc I \ forest flora of the 
Andaman Islands. Simla, 1923 

Parkinson, R. Dressig Jahre in der Siidse¢ 

gart, 1907 
Parrv, E. J. Guns 


ind poisonous plants 


the Pacific. US War Dept 
ual TM 10-420. 1943 cireains 
Milford, |] The Macroz 1918 
Jour und Proc Roy Sor 
10: 295-297. 1876 
Moss, H Vacro 
Wales Med. Gaz 
Mueller, F. \ Remar 
Encephalart 


Stutt 


ECONOMIC BOTANY OF THE CYCADS 


Pereira, J. The elements of materia me i ZAM V 
ind therapeutics I] 3 merica ed tralia Jour 
Philadelphia, 1854 1916 
Petelot, A. Les plantes medicinales du 22 oxburgh, W I] 
( imbodge du | ios et du Vie tnam tions ol Indian plants 
Arch. des Recherch. Agron. et Pasté flor I Phe 
iu Viet-Nam, no. 22. 1954 slat of Guan Cor 
Petrie, J. M. The chemical examinati erb. 9: 116. 1905 
of Macrozamia spiral Proc. Linn. Soi ‘ irasl ind Sarasi 
N.S. Wales 45: 424-442 1920 
Philly \ The vovage ot Gover! 
tany Bay London, 1789 


Chronological historv of nadia iw materia elhi. 1950 


iw 


plants Joston, 1879 o orgnalr oltivazione ed in- 
Planchon, | ind Juillet \ Etude lt austria ¢ | ante te 1 con l’aggiunta 
quelques fecules coloniales. Ann. Mus fi un dizionario delle inte e indust 
Colon. Marseille II : 411-562. 1909 t 
Pogg , Im Reiche d Muata Jamwo 
Berlin, 1880 
Poilane M Note Rev Bot 
d’Agr. Colon. 4: 473-474 1924 
Prain, D Cycadaceane n Prain, D., ed 
Flora of tropical Africa 6(2 344-344 
1917 


ind 


- und 
species, et: Carnegir nst Kirschgummi tizungsb nigl. Pre- 
Washington Publ. 173(2 1913 iss. Akad. Wissen. zu Berlin 1890: 1131 
J The industries of Japa 1137. 1890 
1889 37 ddon, H. R 


in relation f inomale 


ind Belschnet 
Nachr. von « Onigl. Gesell. d. Wissen 
u.d.G \ 1 Gottingen 1872 
100-108 
Reitz, D. Commando 
of the Boer ! New 
Ridley, H. N ‘he gvymnos n 
M ilay Peninsula Jour straits 
Roy. Asia ec, 60: 53-68. 1911 
Riggs, N. \ ‘he iture of a evelite 
lated from 
Chem. Sov 3199-3200 1949 
Riggs, N. \V he occurrence of 
zamin in the seeds of eveads. Aus 
Jour. Chem. 7: 123-124. 1954 
Riggs, N. \V CGlucosvloxvmethane 
stituent of the seeds of ¢ 
L. Chem, and Industry 1956: 926. 1956 
Robyns, W. Flore du Congo Belge et du 
Ruanda-Urundi. I. Bruxelles, 1948 
Roig vy Mesa, J. T Plantas medicinales 
aromaticas o venenosas de Cub H 1855 
bana, 1945 . mit! J \ 
Roth, W. F Food: its search, capture names of the 
ind preparation. Home Secretary's Dept natural and 
Brisbane, North Queensland Ethno. Bull London, 1SS2 
3. 1901 
Rowley, H The 


of the “grass tre 


von Gu 


aT ee © rerrrne 

40 ECONOMIC BOTANY 

447. Smith, R. G The bacterial origin of 266. Thomson. D. I Economic structure and 
macrozamia gum. Proc. Linn. Soc. N the ceremonial exchange cvele in Arn- 
S. Wales 29: 863-868 1905 hem Land Melbourne, 1949 

448. Sonohara, S., Tawada, S.. and Amano. T 267. Thozet. A Notes on some of the roots 
Flora of Okinawa Mimeo 1952 tubers, bulbs, and fruits used as vegeta- 

249. Sparrman, A. A voyage to the Cape of ble food by the aboriginals of northern 
Good Hope etc. I 2nd ed London Queensland Australia Rockhampton, 
1786 S86 

250. Spratt, E. R. The root-nodules of the 268. Thozet, A. Notes on some of the roots 
Cycadacear Ann. Bot. 25: 369-380 tubers, bulbs, and fruits used as vege- 
1911 table food by the iboriginals of north- 

251. Spratt, E. R. The root-nodules of th ern Queensland, Australia. Jn Brough 
Cycadaceat Ann. Bot. 29: 619-626 Smyth, R. The aborigines of Victoria 
1915 1: 227-233. Melbourne, 1878 

52. Standley, P. C. Cycadaceac In Trees 269. Thunberg, C. P Cycas caff nove 
and shrubs of Mexico. Contrib. U. S palmae species, ete Nova Acta Reg 
Natl. Herb. 23:(1): 47-50. 1920 Soc. Scient. Upsaliensis 2: 283-288. 1775 

253. Standley, P. C., and William, L.O. Dioon 979 Thunberg, C. P. Flora Japonica. Leipzig 
mejue, a new cyead from Honoduras 1784 
Ceiba 1: 36-38. 1950 271. Thunberg,C.P. Travels in Europe. Africa 

254. Steiner, P. E. Okinawa and its people I and Asia, ete. I. London. 1793 
sci, Month. G4(S): 253-241. Il. tid. o79 qTywaites G. H. K. Enumeratio plan- 

255 Pca “get can on the dist iS€ - a seylaniac London 1864 

7 siloctine cattle in the Moruya district as rrimen H A hand-book to the flora of 
N. S. Wales Dept. Agr. Misc. Publ’ 344... Ceylon. IV. London, 1898 
1899 74. Turner, F Phe zamia palm (Macrozamia 

256. Steyn, D. G. Vergiftiging van mens en miqueli F.V.M.) and its relation to the 
dier met giftplante voedsel en drink- dis os known “60 rickets sept uttle ° \gr 
water. Pretoria. 1040 Gaz N.S. Wales 4: 158-161. 1893 

257. Steyn, D. G., van der Walt. S. J and 275. Ueno, S Matsud S., and Kimura, T 
Verdoorn, I. C. The seeds of som Const - o seed oil of Cyca — 
species of Encephalartos (eveads) A pon . Jour Nippon Oil Tech. Soe 
report on their toxicity. So. Afr. Med 2(5 10 15 1949. (Original not seen 
Jour. 22: 758-760. 1948 Abstr. in Chem Abstr. 44: 5618.) 

258. Stirling, E. C. Anthropology. Part IV 276. van der Walt, S.J. Recent investigations 
in Report on the work of the Horn Sci- into the toxicity of plants, ete. in the 
entific Expedition to central Australia Union of South Africa. Onderstepoort 
Melbourne. 1896 Jour. Vet. Sci. and Animal Ind. 20(1): 

259. Stuhlman, F. Beitriige zur Kulturge- 75-83. 1944 
schichte von Ostafrika. Berlin. 1909 277. van der Walt, S. J., and Steyn, D.G. Re- 

260. Teijsmann, J. E. Uittreksel uit het dag- cent investigations into the toxicity of 
verhaal eener reis door oost-Java, Kari- plants, ets no. XV Onderstepoort 
mon Java en Bali Boleling. Natuurk Jour. Vet. Sci. and Animal Ind. 21(1); 
Tijdschr. v. Neder. Indie 11: 111-206. 45-55. 1946 

261. Teijsmann, J. E. Dagverhaal eener bot- 278. Verdoorn, I.C. A new species of Enceph- 
anische reis over de westkust van Su- alartos from the Waterburg. Jour. So 
matra. Natuurk. Tijdschr. v. Neder Afr. Bot. 11: 1-3. 1945 
Indie 14: 249-376. 1857 ’ 279. Verdoorn, I. C. Encephalartos villosus 

262. Teysmann, J. E. Verslag eener botanisch Flowering Plants of Africa 26: pl. 1001 
reis over Timor, etc. Natuurk. Tijdschr. and 1002. 1947 
v. Neder. Indie 34: 348-517. 1874 280. Volkens, G. Die Vegetation der Karo- 

263. Thomas, N. W Natives of Australia linen, mit besonderer Beriicksichtigung 
London, 1906 der von Yap. Bot. Jahrb. 31: 412-477. 

264 Thomson, D F The storv of Arnhem 1901 
Land. Walkabout 12(10): 5 22. 1946 281. Warburg, O. Das Pflanzenkleid und die 

265. Thomson, D. F. An Arnhem Land ad- Nutzpflanzen Neu-Guineas. Jn Kri ger, 
venture. Natl. Geog. Mag. 93: 403-430 M. Neu-Guinea. Berlin. 1899 
1948 282. Warburg, O Monsunia Betitige zur 


ECONOMIC BOTANY 


und 
Leip 


Vegetation des siid 
Monsungebietes. I 


Kenntniss det 
ostasiatischen 
zig, 1900 

Wat inabe K 
loide von Cycas 
Tokvo 38: 165-187. 1925 

Watson, F . ed. Historic il records of 


Series I 


Koral- 


Mag 


Studien iiber 


evoluta 


Aus- 
despatches 
1788-1796 


Governors’ 
England. I 


tralia 
to and 
Svdney, 1914 
Watt, G \ 


from 


the 
ileutta 
medicinal and 
Aus- 
Bull 


dictionary of 
products of India. II C 
Webb # J Guide to the 
poronous plants ol Queensland 


Indus. Res 


economik 


1889 


ralia Coun. Sci. and 
232. 1948 
W hite, C fy 
Agr. Jour. 30: 608 
White, C VM acroz 
Jour. 42: 636 1934 
White, C Zamia 
Queensland Agr. Jour. 44: 118 
White, C. 
land Agi Jour 


Wildeman, E. d 


Var 


ozamu Queensland 


1928 
ISS Agi 


mia. Queensland 


9RO 


tock 


poisonous to s 
1935 
290 A species of zamia Queens- 
49: 397 1938 
Notices sur de 


291 


Ss plant Ss 


Utilization 


the 


Sug ir 


Date Syrup. Dates, the fruits of 
palm Phoenix dactylifera, consist of a 
seed 


containing pulp and a solid or 


Dates ean be consumed fresh, but they ean 


stone 


ilso be used for the manufacture of syrup 

\t the of party in 
Iraq, experiments have been made with the 
manufacturing of the date syrup and the 
utilization this syrup and of the stones 
and the extracted pulp 

In the laboratory semi-technical 
tion of svrup proved to be possible 


request an interested 


ol 


prepara- 
ifter the 
diffusion method (extracting with hot water 
ind concentrating the extracts in vacuum) 
The of the syrup is given in 
table I and compared with the analysis of a 
from Iraq Date 
proves to be of the invert sugar type; 


composition 


sample received syrup 
it con- 
tains approximately 70 percent invert sugar 
the taste is not too sweet 

Consultation with the led to the 


conclusion that date syrup can be used in the 


industry 


i interessantes 
Congo. Bruxelles, 1903 

Williams, R. O. Th iseful and 
mental 7 I 
Zanzib 

Yamafuji, K 
H. Ueber 


SAure 


orna- 
plants Pemba 
1949 
Kondo 
Kohlen- 
issim gia 14: 30 
1950 


Yoshimura 


3S 
ta, Thunb. II. Jour 
40: 914-921. 1919 
Abstr. in Cher 
1395.) 
Yoshimura y 
Stickstoff 1 . oluta. Wissen 
Mitteil Hochschule 
Kagoshima 5: 3: ¢ Original 
seen st in t Abstr. 14: 
1062.) 
Yoshimura, K 
cal const 
| Jour 
1121 
in Chem 


not 


Phe 


chemi- 
T} 


ind Sagava N 

ituents in Cy evol 
Chem 
iginal not se 


13: 


296 
1unb 
1116 
Abstr 


Tokvo 
1918 Or 
Abst? 


Sox 


758-759 


Abstract 


manufacture of gingerbread like 
In table II the composition of date 
ind extracted 


the 
but 


ind 
stone 


SPePMS DOSSI- 
IT } 


pulp is given. It 


use stones and pulp as part of a 


i final experiment with liv- 


In 
been car- 


i le food. 
ing cattle could not vet be iecomplished 
Iraq feeding trials with sheep ha 


dates (dates trom 


ried out with macerated 


which the stones have been removed before- 


hand), and with ground stones, but only to 
replace a portion of the ground barley in the 
ration 

Chareoal from the 
did not prove 
ictive coal The 
makes it 
1or 


summary, by 


stones 1 27 
one Was | 


usable in the manuf 


yrepared but 
of 
(4%) 
} 


ve 


icture 
ish 


Coal C 


high amount of 


doubtful whether the in 


} 


metallurgical 


Ir 


used purposes. (English 


W Spoon, Vo 


chten van de Afdelinag Tropische Producter 


het Konink 


1957.) 


a ly stituut oor de 7 oper 


Potential Utilization of Agricultu ‘al 
Commodities by Fermentation’ 


Use of fermentation products in beverages, foods, feeds 
and pharmaceuticals is growing steadily, but fermenta- 
tion production of industrial alcohol, butanol and ace- 
tone faces stiff competition from synthetic petrochem- 
icals. In looking to the future of fermentation and its 
utilization of agricultural commodities, additional experi- 
mental approaches should be used in the search for new 
products, particularly the more complex ones such as 
antibiotics, enzymes, and vitamins, which in general have 
resisted economic chemical synthesis. 
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to total 20 million dollars for 
A considerable portion is derived 


mated 
1955. 
from microorganisms, but we do not have 
available precise data as to pounds pro- 
duced 


or as to pounds of agricultural 


commodities employed in their manu- 


PRODUCTION O| 


ANTIBIOTICS 
Tariff Ce 


U.8 


ymmission on Syvnthetsu 


is little 
Even SO, and de spite 


know but tend to lorget, 


than 10 years old 


more 


the great decline in the price of penicil- 
lin, the industry’s annual product has 
a wholesale value of about 350 millions 
Fig growth CX- 


6 shows its cumulative 
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pressed in pounds of the principal anti- 


biotics. The grand total in recent years 


COM MODITIES 


2 


million 
used 


is over pounds 
modities the 


are many times this amount, 


to make 


rhe 
antibiotics 


com- 


thus con- 
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of antibioties for 


industrial scale use against plant disease. 


further development 


Utilization of agricultural commodities 
far is 
If the 255 million 


in fermentations discussed thus 


summarized in Fig. 7. 


stituting an important outlet for agri- gallons of industrial aleohol produced in 
culture; yet the commodities used are fiscal year 1956 had all been made from 
not as large as we would like—relative blackstrap molasses, 588 million gallons 
ANNUAL UTILIZATION OF AGRICULTURAL COMMODITIES BY FERMENTATION 
ACTUAL USE IF ALL PRODUCTION WERE ENTIRELY FROM 
BEVERAGE Grain 151 million bu 
INDUSTRY Molasses 2.8 million gal 
(alcoholic Grapes 6 billion Ibs 
(FLY. 1956 
GRAIN MOLASSES GRAIN MOLASSES 
bushels gallons bushels gallons 
INDUSTRIAL 
ALCOHOL 1.3 million 105 million 100 million or 588 million 
(FLY. 1956 est est 
ACETONE and 
n-BUTYL ALCOHOL 36 million 24 million or 186 million 
(1955 : est est.) 
ORGANIC 
ACIDS 
1955-56 
Citric 
Lactic 3 million or 15 million 
Fumaric est est 
Gluconic 125 thousand 
Acetic est 
ieealanaind Sitios = 4 es ees 
VITAMINS 
ENZYMES 10 to 15 million 
ANTIBIOTICS est 
1955 
FIG. 7. ANNUAL UTILIZATION OF AGRICULTURAL COMMODITIES 
BY FERMENTATION 
Most of data taken or estimated from Reports of the Aleohol and Tobacco Tax Division 
of the U.S. Treasury Department and the U. 8. Tariff Commission. Figures on production of 
citric acid, fumaric acid and gluconic acid and on enzymes, used for estimating substrate mate- 
rials, were from other sources 


to the medical and monetary importance 
of the antibiotics industry. The pro- 
duction of all purposes, 
as shown by the top graph line in the 


antibioties for 
chart, has grown steadily. There was a 
dip in 1955 but the figures 1956, 
which just became available, show con- 
tinuing rapid expansion in all categories 
It there will 


for 


seems probable that 


be 


would have been used: 


million bushels 


million pounds of n-butyl al 


if from grain, 100 


Likewise, if the 225 
leohol pro- 


duced in 1955 and a_ corresponding 
amount of acetone had all been made 
from blackstrap molasses, 186 million 


grain, 24 million 


gallons would have been used; 


if from 


bushels. Actually, only 


141 million gallons of molasses and one 
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or two million bushels of corn were used 
annually in the two industries in 1955 
400 million 


gallons of molasses which might have 


or 56 At the same time, 


been used in fermentation went into cat- 
than 60 mul- 


lion bushels of grain which was added to 


e feed, displacing more 
the surplus 

The President’s Commission on In- 
creased Use of Agricultural Products and 


. 1 
its task groups on grain and on alcohol 


investigated the fermentation field ex- 
tensively It was found that the ca- 
pacity of idle industrial aleohol plants 
was 218 million gallons of 95°% alcohol 
per year equivalent to 87 millions bushels 
Indeed, 


of grain production capacity 


could be ste¢ pped up to 250 million gal- 
lons equivalent to 100 million bushels of 
grain The Commission received and 
published estimates showing that corn 
would have to be supplie d at 50 cents or 
less per bushel to bring fermentation 
aleohol into the cost range of synthetic 
alcohol The Commission considered 
motor fuel, polyethylene plastic and bu- 
tadiene for synthetic rubber as outlets, 
looking for the most feasible and least 
uneconomic 

Motor fuel was not recommended as 


Alcohol 


no longer has premium blending value 


an outlet for alcohol Irom grain 


since the octane ratings of commercial 
motor fuels have been increased so 
greatly. The alcohol at best would h: 


A 
to compete with bulk gasoline at 131% 
cents a callon This corresponds LO a 
oss of 612 cents per bushel without any 
And there aré 


many difficulties in arranging satisfac- 


payment for the grain 


tory blending and distribution to the 
publie 

Aleohol derived from grain was found 
o fare little bette: economically as a 
source ol ethylenc lor manutlacture ol 


polyethylene ( ompetition irom the 


petrochemicals industry is such that corn 
would have to be delivered lree at the 


. i 
alcohol plant 


BOTANY 


The Commission’s conclusion was that, 
possible industrial outlets avail- 
for fermentation aleohol at this 
time, conversion to butadiene would be 
the least costly Moreover, this outlet 
involving, as it does, a rapidly expand- 
ing synthetic rubber industry would en- 
tail the least dislocation The Govern- 
ment has an interest in two butadiene 
plants with maximum intake capacity of 
229 million gallons of aleohol equivalent 
to S4 


grain rie 


million bushels of 
plants could be put into operation over 
a period of 2 to 6 months. The return 
for corn was estimated to range from 11 
to nearly 50 cents pel bushel At the 
then current price ol] 15 cents a pound 
for butadiene, alcohol at 23.4 cents could 
be used for production Under these con- 
ditions, the corn would net about 26 cents 


] 


per bushel some assumptions are in- 


volved in these caleulations and exact 
economics would have to be determined 
by plant operation. The 
did not 


Commission 
recommend that the alecohol- 
butadiene-rubber outlet for grain be im- 
plemented. It simply set forth the facts 


and figures for this outlet 


as being the 
best of three possibilities 
The buty] aleohol—acetone lermenta- 
tion industry originally used corn but in 
recent years has depended on molasses. 
Now butyl aleohol and acetone can be 
manufactured 


more cheaply Irom gas 
t} 


streams than from either grain or mo- 
lasses at their going prices. It is esti- 
mated by the Commission, however, that 
8 to 12 million bushels of corn could be 
used in this industry annually if corn 
were furnished at 60 to 70 cents per 
bushel] Another 6 to 10 million bushels 
of corn could be employed under these 
conditions to supply the export market 
The corn need not be top-grad 


A new field, little exploited to date, is 


that of microbial polymers. The only 
example of actual production on a fairly 


large scale is that of dextran It has 


been manufactured chiefly as a_ blood 
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plasma expande! but 
hickener in food products 


to oil-well drilling 


made by fermenting or mo- 


sUuCcTOst 


lasses with Leuconostoc mesenteroides 


utilizing t 
enzyme 
Although thie 


production to date is of the 


by powerful 


the 


or, preferably , 


extracellular secre by 


organism total domestic 


order ot only 


a million pounds and although pe 


ace- 
time applheations have deve lope ad slowly. 
ae- 


microbial polymers as 


dextran serves to illustrate possible 


Ve lopment OL thie 


aw hole Surveys Ol Microorganisms : 


their products have shown that there 


dozens or hundreds of polymers, most 


nature, whieh need 


carbohydrate in 
be investigated They exhibit 
of properties: high 


and 


suitable (! eap 


teresting range V1s- 


COSITYV, low him 


Viscosity, elasticity 
Again, if 
zyines can be prepared from microorgan- 
be dextran- 


sucrase, to bring about radical t 


formation en- 


isms, they can used, like 
ansiel 
valuable 


can conceivably be maltose or ven stareh 


and production ot homopoly- 


mers, such as amylose substrate 


as Well as 
The 


ported 


sucrose 
present market for 

as arabie 
and 48 million 
pounds per year, selling at 16 to 98 cents 


commercial gums, such 


tragacanth, is about 
per pound. Similarly, over seven mil- 


lion pounds of seaweed polymers, such 
as agar and algin, are produced and sold 
at one to four dollars a pound. The 
cellophane is 160,000,000 
40 cents 


“ure examples ( li {7 ¢ -scale appileations 


an- 
nual output ol 
The s( 


pounds, selling at around 


that come about when price and proper- 


ties are propitious There is no question 
that microbial polymers of 
Phe 


whether such polymers can be produced 


interest can 


be produced mayor questions are 


in high enough yield and at low enough 


cost to meet competition Only research 
can give the answers. 

sefore leaving the polymer subject, I 
should like to devote some 


attention to a 
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In 


distribution in plants, 


ast namely, that ol rubber 


view its wide 


LO” 


he surprised hy it 


perhaps one should not 


s occurrence 1n some Ol 
Investigation in 
this field has been limited. Dr. W. D 
Stewart, working first in the 
OT the B I 
Pa | Nava 


lantie Research Corporation, 


the microorganisms 


laboratories 
and later under 
A ts 
Alexandria, 
Virginia, showed that several species ol 
and Peziza contained 

of rubber on 


C,oodrich Co 


Research Contract a 


Lactarius one 


the dry basis 


analyzed was the sporo- 


the macroscopic mus] body 


1\room 


grows in the ground When the 


organism Was grown in submerged cul- 
ture, the mycelium also yielded rubber 


ilthough only a few undredths of a 


? 
anali- 
| 4- 


structure as 


DAasls nirared 


percent, again dry 


Vals proved lhe rubber to be C18 


polyisoprene, of the same 


that of rubber from Hevea brasiliensis. 


I shall 


Cllss 


digress a moment here to dis- 


another substance which is mostly 


hydrocarbon, name ly, ‘he produc- 


tion of ordinary fat related 


Ol 


materials from carbohydrate has never 


appeared to the writer as economl- 


cally feasible probability. It is known, 


course, that several microorganisms 


very likely 


raised by the usual 


good lat producers and 
1¢ lds could be 


means Ever sO, the conversion ot Car- 


bohydrate to lat INVOlVes esst ntially the 
CHOH- t CH» 
weight shrink one If the 


sugar cost only 324 


conversion ol Two 


parts by 


cents a pound an 


ll two-thirds o the t} retical yield 


obtained, th 


wert arting material fon 


pound of product would be 11 cents, 


ll to 12 


considerations 


whereas sovbean oil now sells at 


cents per pound. Thes 


no means rule out the production of a 


by 


fat or related materia having special 


ies and therefor 
price. A 


saturated fatty acids, 


propert bringing a spe- 


cial unique fat, high in un- 


for use in new diets 


to prevent arte riosele rosis, might be such 
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The versatile micro- 
might be able to 
chemically the fat best suited for this 
purpose. 


a special case 


organism construct 


While rubber is a hydrocarbon rather 
than a fat, the 
weight loss is entailed when carbohy- 
drate is the starting point. At the 
time, natural rubber commands a price 
of 30-35 cents per pound and the mar- 
ket, despite the great expansion of syn- 
thetic rubber production, has been steady 


about same theoretical 


same 


1] 


at about 600,000 long tons per year—all 
imported. This is a tremendous market 
If a yield of 7 pounds of rubber wer 
realized from a bushel of grain, 100 mil- 
lion bushels of grain would be required 
to produce 320,000 long tons of natural 
rubber annually—a little half of 
our imports. 
As the 
amounts of vitamins and antibiotics pro- 
duced by fermentation are used 
Nevertheless, with 
feed product and amount of agricultural 
commodity 
tunities 


over 


charts show, considerable 
in feeds 


regard to volume of 


consumed, greater 

to lie ahead I 
particularly to the microbiological pro- 
duction of 


oppor- 
appear reler 
amino acid 
in farm 
Several companies are already 
making lysine, methionine 
phane by chemical 


acids, amino 


concentrates, or proteins, lor use 
rations. 
and trypto- 


methods, and one 
company is manufacturing lysine by fer- 
mentation 


plying the amino acids 


Our own approach to sup- 
needed for opti- 
mal protein quality in animal feeds has 
been to search for microorganisms con- 
taining protein with a high level of lysine 
or methionine. We the 
content of the given amino acid should 
be 20% or higher in order to give the re- 
quired leverage in supplementing the 
prevailing grain ration. If the leverage 
is not excess of 
wanted 


estimated that 


great enough, an un- 


amino acids is obtained before 
sufficient lysine or methionine is incor- 
porated. There are numerous examples 


among both animal and plant proteins 
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containing more than 20° of one 
acid. The 
great versatility in the synthesis of chem- 
ical 


amino 
microorganisms possessing 
and ranging through 
many thousands of different 


compounds 
species ap- 
peared to be a good place to look for the 
needed protein. About half of the dried 
cells of bacteria, molds and yeasts is pro- 
tein. Organisms would have to be pro- 
duced whose dried product was free of 
toxicity and at digestible. 


the same time 


If such were the case, the supplementing 


amino acid should be more effective in- 
asmuch as it would be cleaved and made 
available gradually along with the other 
amino acids the 

The amino acid which 
is all free from the start runs the chance 


throughout whole 24 


hours of the day 


of rapid absorption and metabolic dis- 


sipation of any excess not needed at the 
moment 

A few years 
our staff and I 
of lysine, methionine and tryptophane 


Dr. H. H. Hall of 


caleulated the amounts 


ago, 


needed to bring the rations then used up 
to the requirements recommended by the 
National Council. This pro- 


jection was made for both poultry and 


Research 


swine which together consume 75 million 
tons of feed annually. It was calculated 
that hundred 


lysine methionine 


several] 
and 

addition to the amounts present in the 
existing Even 100,000 tons oc- 
a 20% level would 
require 100 million bushels of grain for 
Admittedly 
assumptions 


thousand tons of 


were needed in 
rations 
curring in protein at 


fermentative production. 


these calculations involve 


and approximations, but certainly they 
point to a large potential volume of fer- 
mentation product which might one day 
be brought into play. 

Although 
is purposely placed on materials for in- 
dustrial use 


the emphasis in this review 


as chemicals and feedstuffs, 
it should be stated that there is room for 
further development of fermented foods. 

In looking to the future of fermenta- 
tion and its potential utilization of agri- 
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cultural commodities, we 


to what are the best ways of discovering 


must inquire as 


new useful fermentative products and 


processes. The many hundreds of sub- 
stances discovered to date and their great 
variation in structure tell us that there 
must be many more hundreds to be dis- 
There is no doubt that screen- 
ing many different groups of microorgan- 
isms will unpredictably but continually 
turn up new compounds. Many of our 
present fermentation industries have de- 


covered 


veloped out of more or less accidental 
discoveries. In recent years practical 
fermentation research has veered much 
more definitely toward selected objec- 
tives such as, for example, a rich source 
of vitamin Bs or By», the production of 
a steroid with a hydroxyl group in the 
11 position, or the synthesis of lysine 
from simpler materials. The 
which I wish to raise here is whether it 
may not prove possible in the future to 
start from scratch and to discover micro- 
enzyme derived 
from microorganisms, which are capable 
of synthesizing a specified compound 
not known previously to be produced DY 
microorganisms. 

It is a reasonable postulate that 
the products of biosynthesis in plants, 
animals and microorganisms are 
ceptible to degradation by microorgan- 
isms taken as a whole. Enrichment cul- 


question 


organisms, or systems 


1] 
all 


sus- 
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ture applied to the flora of the soil often 
of 
organisms capable of degrading a given 


leads to the isolation one or more 


organic compound The discovered or- 
ganism contains the necessary degrada- 
tive the 
necessary elements of the corresponding 
Lieberman and Korn- 
berg were able to discover 


enzymes; it may also contain 
synthetic system 
an organism 

acid, and later, 
after analyzing the enzyme systems in- 
volved, 


which degrades orotic 
to reverse the degradative action 
and fe rmentatively synthesize orotic acid 
‘an 
such technique s be extended to bring 
the of 

compounds starting the 
sugars, amino acids and lipids, which oec- 
cur in agricultural materials? 


starting from simpler compounds. 


about fermentative synthesis 


wanted with 
Another 
technique of great interest and awaiting 
practical development is the use of mu- 
tation, as demonstrated by Beadle, Bon- 
ner and Tatum, not just to improve the 
yield of a product already in sight, but 
by gene alteration to let transient me- 
tabolites accumulate in quantity. Some 
should 
These are possibilities over the longer 
term, and I think that they will probably 
be realized. should 
come more versatile and more important 
in the useful disposal of 


of these have commercial use 


Fermentation be- 


agricultural 


crops 


Future Utilization of Cereal Crops' 


Estimates made on the uses for cereals (corn, wheat, 
oats, barley, sorghum, rice, and rye) in 1975 are based 
upon a number of assumptions. If those made in this 
article are approached, the pattern of cereal use will be 
much the same as it is at present. 


REID T. MILNER 


D ent of Food Technology, University of I 
Urbana, Illino 

In discussing the future utilization of | same period the maximum production of 
cereal crops it might be more interesting barley has reached 10 million tons, of 
to launch at once into science fiction and sorghum 6 million, rice 3.2 and rye 1.5 
attempt to visualize cereal utilization i It is apparent that the amount and im- 
2957. In an attempt to stay away from portance of corn, wheat and oats are 
fiction the future of cereal crop utiliza- much greater than of the other small 
tion will be discussed only as it may be grains. The remainder of this diseus- 
de veloped during the next 15 to 20 vears sion will be limited to these three major 


To make this modest excursion into cereals 


probable uses for these coming years, it Figure 1 shows the yrroduction, in mil- 


will be necessarv to survey utilization in lions of tons, of corn, wheat and oats tor 
the immediate past and the present as the years 1940-1956 inclusive (1). The 


well as to consider the factors which may shaded portion shows the largest single 
direct uses of these crops in the neat domestic use for the particular crop 
future. With corn and oats this use is livestock 

In using the term cereal crops, I am feed: with wheat it is human food Since 
relerring to corn, wheat, oats, barley, all three crops are shown on the same 
sorghum, rice, and rye Even the small- scale, it is Casyv TO set the overwhelming 
est of these crops has been grown on importance ot corn In general, the 
over 114 million acres of land every year fluctuations from year to year in pro- 
since 1940, but there is a marked differ- duction are greater than changes in the 
ence in the amounts produced. All fig- chief use for each crop. Also it is evi- 
ures quoted will be in short tons unless dent, as might be expected, that fluc- 
otherwise specified. The customary ref- tuations in production are considerably 
erences to bushels may be somewhat de- greater for corn than for the other two 


ceiving in comparisons, since a bushel of cereals. 
oats is 32 lb. while one of wheat is 60. In the case of corn, the other principal 


The average tonnages produced yearly in Uses representing the difference between 
the last 17 years in the United States the total production and the amount 
are for corn 85.2 million. for wheat 32.2 used for feed as shown in Fig. 1 are for 
million and for oats 20.7 million In this dry milled products, wet milled products, 

distilled spirits, seed and exports. Over 


1 Presented at the American Chemical Soci- 
ety meeting, September 10, 1957. Division of 
Agricultural and Food Chemistry, Symposium 
on Future Utilization of Agricultural Com- /485 been rv latively constant, wet milled 


the years shown, with a few exceptions, 
the production of dry milled products 


modities products have increased somewhat, spir- P 
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its and seed remained essentially un- 
changed and exports of course have fluc- 
tuated widely. Another for the 


corn produced has been storage and the 


“use” 
carryover which has increased each year 
recently. 

With the remarkable fact 
that the amount used for domestic food 
It i 


wheat 1s 


remained constant over the . 


years 
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The wide and fluctuating dif- 
between production and 
sumption for food have led to very large 


purposes. 
lerences con- 
stored stocks. 

For both production and 
sumption for feed have fluctuated rela- 
tively little. Use for breakfast food has 
declined somewhat 


oats con- 


since the war years 


but has remained fairly constant for the 
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Fic 


evident that the steady and surprisingly 
high rate of population increase in the 
United States has been accompanied by 
an equally steady decrease in per capita 
comsumption of wheat products. As 
Fig. 2 shows, the decrease in consump- 
tion of cereals in 
companied by an 
(2). 


general has been ac- 
increased use of meat 
Other consumption of wheat has 
feed export with a 
amount for industrial 


and 
used 


for seed, 
small 


been 
very 


9 
the seed 
Carryover of oats has also been rela- 
tively constant and is much less than for 
corn and wheat. 

Graphs or charts of the livestock pop- 
ulation or meat production in the United 
States would have paralleled in general 


past 7 years as has use 


as 


the use of corn for feed because corn is 
a major feed ingredient. Indirectly, and 
insofar as the pork, beef and chicken fed 
on corn are later eaten, the largest sin- 


FUTURE 


end ultimately 


human food. 


gle use ol corn 1s lor 
The trend toward increased 
consumption of meat has persisted over 
a number of years and apparently the 
rate of increase is becoming greater (Fig 
2). General prosperity and an increas- 
ing annual income are major factors in 
allowing Americans to indulge their taste 
for meat. 
the third 
with high individual income and general 
prosperity should 
markets for meat, and hence 
the future (3). 

ever, must be set 


The increase in population is 
factor which in combination 
provide even larger 
lor corn, 1n 
Against this trend, how- 
the increased efficiency 
The 


ratio, pounds of meat per pound of feed, 


of animal diets as now developed 


has been markedly increased recently 
will more in the future 
Therefore, predicting the future amount 


of corn used 


and increase 


as feed is not a simple ex- 
population and 
conservative to 


trapolation of 
trends It 
predict however that at least as 


growth 
food seems 
much 
and probably more corn will be needed 
for feed purposes 15 to 20 years in the 
future. 

Serious competition for corn as a feed 
may be furnished in the future by both 
Although all the 
cereals have been used as feed for cen- 
turies the study of animal nutrition 
has found much about the relative feed 
values of 
still 
metabolites or 


barley and sorghum. 
and 
new discoveries 


made. Work on 
anti-growth 


these grains, 
are being anti- 
factors @s 
well as accessory nutrients indicates that 
simple treatinent may markedly improve 
some grains. For example steeping bar- 
ley is reported to increase its feed value 
The kinds of cereals used for feed will 
also be affected by the location of future 
markets. Population is shifting west- 
ward at an increasing rate. As trans- 
portation costs increase, it will become 
necessary to produce feed and provide 
the consumer with meat with a minimum 
of transportation in the process. Sor- 
ghum, barley and even wheat may prove 


PILIZATION 


OF CEREAL CROPS 


to he ser1lous competitors ol corn 1n the 


west, especially In the northwest 
} 


Food use of cereals faces n any obDsta- 


cles which may limit an increase in the 
future. Thi 


frequently 


present Campaign against 


obesity singles out starchy 


Advances 


In ltoo¢ 


materials as major offenders 
| 


technology, particularly in the 
preservation and storage of more perish- 
able foods, will provide increased compe- 
tition lor the ] The 
ability of canned, frozen 
and vegetables in the United 


cereals ready avali- 


and fresh fruits 
States has 
contributed in the past to the decrease in 
person. As 


products become mort 


consumption of cereals 


these 


per 
generally 
available elsewhere, exports Ol cereals 
and cereal products may be less desired 
On the other hand, 


will require more cereals for food 


growth in population 
Like- 


wise, the value of the energy, essential 


amino acids, vitamins and minerals 


found in cereals is well recognized and 


insures that cereals will always nave a 


large place in a well designed diet. The 
same advancing 
benefited 


also cde veloped 


food technology which 
fruits and vegetables has 
the 
preserve 


has 
cereal 
Bread 
can now be baked continuously and fro- 


Ireezing ol 
products to freshness 


zen almost as it leaves the oven. This 


labor cost, 
greatly improved keeping and reduction 
of staling, and allows the leveling of the 
work load for bakeries. A five-day week 
and no overtime work before holidays 
now appear possible. 


new technology permits lower 


It is reported that 
the long slow decline in per capita 
sumption of cereal products has halted 


con- 


If the current anxiety about excess fat in 
the diet is translated into action, it will 
probably assist cereals to retain or even 
slightly increase their present consump- 
tion per person. Such a development 
and in 1975 may re- 


quire a 33 percent increase in wheat for 


will favor wheat 

food above present requirements to feed 

our increased population. 
Before looking further at 


the future 


os ECONOMK 


utilization of cereals some attention must 


be given to possible changes in the cereals 


hnemseives Plant breeders have per- 


formed near miracles in the past with 
commercial double cross hybrid corn and 


as demonstrations ol 


rust resistant wheat 


research has been 


il 


their ability. Much 


completed more is unaer way to pro- 


duce basic and major changes in the 


The 


hye 
las 


composition ol tive cereals coln- 


position ol basis aver- 


aged in recent years about 70% 


10 


corm on a ary 
are 


Different 


and $5 oil 
different 


protein 


leties and growling condl- 


ms can alter these within 


iverages 


ther wide limits By selection (and 


breeding), however, it has been possible to 


produce corn with a protein conte 


as 19.5% or as low as 4.9% 


corn has been obtaine: 


15.4% 


starch ol 


high 
Wise, 
(4) 


ordinary corn is composed 


as and as 1OW as 


high 
The 
of two fractions, amylose and amylopec- 
tin, dist and 


inguished as. straight 


branched chain polymers. In waxy maize, 
instead of about 25° amylose and 75% 
amylopectin as found in 
100% 


have 


ordinary corn, 


we have amylopectin. The corn 


breeders been successful In pro- 


70 


Some breeding work 


ducing strains as much as 
SO, 


nas been 


containing 


to amylose 


reported on changes 


amino acid composition ot corn to pro- 


] 


duce a highe content ol lysine and 


tryptophane (5) 

It is possible that the future utiliza- 
tion of cereals will depend largely on th 
] } } 
aeveiopment of these special variants 
and oats that 
that 


containing, for example, 20% protein and 


from the corn, wheat are 


known today. It seems clear corn 


15% oil would require different process- 
find different 
now prevalent However attractive this 


ing and from thos 


uses 


line of thought may be, it is evident that 


corn as a source of oil or protein or both 


for industrial use must face formidable 


competition trom the crops now vielding 


these products such as soybeans, peanuts 


BOTANY 


ind cottonseed Cost of production and 


determine the winner in this 


agricultural competition. Unless the 


oil from corn | 


properties or 


some specific use such as zein for fibers, 


it seems unlikely that corn will ever be 


grown and processed 


primarily as 


source of oil or protein The same 


ior wn 
It is almost certain 


protein contents 


breeding but 


acquires spe cial 


prospect tor 1ts new pur- 


The comments do not apply to 


the improvement of corn as a livestock 


1 by increasing its protein content 


Knowledge of animal nutrition is in- 


creasing, and the use of electronic com- 


puters for evaluating economic factors in 
farming is becoming mor developed It 
whether 


SI ould be possible to determine 


protein in livestock feeding can be fur- 
nished mort cheaply from oilseed meals 
corn If 


corn is the better 


or high protein high protein 


feed, an even greatel 


portion ol the crop than at present will 


be used for this purpose in the future 


Alterations in the character or type of 
Many 


uses are known or proposed for amylose 


starch are in anothe category 


and only the cost of separating 1t Trom 


amylopectin hinders seareh for other 


uses Waxy corn 1s being ZTOWN 1 In- 


ereasing amounts lo! food purposes 


where special properties ol the starch 


have value Development of a commer- 


cial corn hybrid with starch containing 
only amylose would result in 


new non- 


food outlets lor corn 


be 


ably lor most purposes, development ola 


Since corn and 


wheat starch can used interchange- 
oe eer ae ‘laee hw oo ; a 

wheat amylose by genetic work also ap- 
Again the 


proce Ssing 


pears possible cost Ol pro- 


duction and seems to tavor 


the chances for corn as compared with 


wheat. In the future utilization of cereal 


crops, therefore, the development of a 


UTILIZATION 


new “amylose” corn specifically designed 


for industrial starch purposes and furthe 


present } muclion 


expansion oO the 


eorn tor tood purposes seem 


Waxy 


abl her major changes in the ¢ 


position he cereals appear now 


be unlikely in the next 15 to 20 years 
Attempting 


lization of cereal 


to estimate the future utl- 


crops Lor new Purposes 


is most difficult. Extrapolation of pres- 
ent Ist into the future has involved 
guessing the future national ineome 


world t1 ice and stability ind the prog- 
ress to be made in agronomic and 
h. The de 


a relatively targe scale dey 


velopment or n 


v on these factors but 
in chemical and engineer 
invention in other 


tunate individual who would have 


pre- 
dicted the future utilization of petroleum 
in 1910 based 

ample of the dangers of such forecasting 


Within 


us¢ 


on its past Uses Is an eX- 


a relatively few vears the major 
changed from kerosene for illumina- 
] 


tion and neating to gasoline lor motor 


fuel This 


could have 


samc individual, nowever, 


made an excellent guess as to 
the future uses of coal at the same time 
that he missed on petroleum. There is 
a chance, therefore, that cereal crops may 
at this time resemble petroleum in 1910 
and ar equal chance that the cereal use 
little as that of 
1925 


constituent 


change as 
1910 and 


largest single 


pattern will 


coal did betwen 


Since the 


cereals is starch, new uses for starch 

The 
Task Group on Industrial Use of Grains 
(Other Than Aleohol) of the Presi- 
dent’s Bipartisan In- 


creased Use of Agricultural Products has 


lead directly to new uses for cereals 


Commission on 


conducted a careful study of potential 


uses (6), and in their report a large ma- 


their research 
The 


from corn, Wheat and sorghum is now a 


jority of proposals relat 


to starch production of starch 


commercial operation on a large scale 


and is capable of expansion without fur- 


CEREAL CROPS 


velopment 


plest terms Ss 


most probable 


| new 


ind which ¢ 


the starch 


Starch Is Aa 
marked similarity 


position to ce 


nds extensive 


maper making and textile 


roposal to combine ehnemnr 


with cellulose fibers to form 


Ol papel textile products 


t 


ooks entirely feasible Such molecular 


combinations could have very different 


properties and uses from paper or cotton 


Neve rtheless 


production of 


fabrie with starch finishes 


present large scate 


papel and cotton textiles provides a rang 


ol products 
whieh 


with diversity of uses into 


starch-cellulose could easily 


Linking of stareh and celluloss 


volves two materials chemica 
The 


gun 


poiymer cnemists have rece 


synthesizing block and 


1 ) } 
poivmers Chese co-polyme rs are 


ively mixture and may 


Cours 


; 


some of the original properties of each 


materials ra 


starting 


two. If suecessful 


4 hydrocarbon polymers wit! 


can be accomplished, many ol the pres- 


ent weaknesses in stare! é be over- 


Come As in the case of cellulose the 


successful combination of 


some of the presently used pl: 


make available a potentially large mar- 


ket, for example in the building industry 


Resistance to moisture, insects, and mi- 


croorganisms would need to be obtained 


from materials used with 


the 


Another future use for stare] 


1) 
could re- 


sult from its effect on surface properties 


f other materials and its colloidal prop- 


Modified 


nossibl ities As 


erties starches seem to 


flotation agents in 


puriheation Ol ores, In Water treatment 


and in modifying the structure of soil 


All three of these fields are expanding, 
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and the processes NOW used must be im- 
As high eXx- 


hausted, as 1 he ¢ 


proved erade ores are 
domestic 
metal 


Such low grade 


ase with 


iron ore, material with a lower 


content must be used 
ores need concentration and partial puri- 
Water short- 


ages and increasing pollution of present 


fication before smelting 


supplies are requiring expanded treat- 
Improvement of soil texture by 
additives 


but the cost of present chemicals 


ment. 


chemical has been demon- 


t ] 


trated, 


str 
has prevented the large scale application 
of these methods. 

The Corn Wet Milling Task Group 
(7) has reported the potential use of as 
much as 36 million tons of corn to pro- 
This 
is about 8 times the present wet-milling 
capacity and over 9 times the 1956 grind 
by wet mills 


duce starch for the above purpose 


As has been emphasized, 
these new uses are all dependent on the 
of research which still has far 
Extraction of this starch from 
corn by present processes would require 
a plant investment of about 4 billion 
dollars and in addition would involve the 


success 


to go. 


marketing of tremendous quantities of 
by-products. It that 
within the next 15 to 20 years, the pres- 
ent wet milling industry, which has 
shown a steady growth over the last 17 
vears, could double its present capacity 
and thus handle nine million tons (320 
million bushels) of corn each year. Mod- 
erate success in starch research may per- 
mit operation at full capacity of these 
enlarged facilities. 

Similar speculations could be made for 
wheat, oats and the other minor cereal 


seems possible 


crops or for other cereal uses involving 
dry milled cereal products and uses for 
fermentation. It seems probable, how- 
ever, that none of these has the promise 
for new uses displayed by corn starch in 
the areas discussed. Since starches from 
all cereals are largely interchangeable, 
any development in corn starch markets 
would also materially help these cereals. 
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Estimates for cereals in 
1975 


sumptions 


the 
upon a 
If those ap- 
proached, the pattern of cereal use will 


on uses 


are based number of 


as- 
made here are 
be much the same as it is at present. If 
the total production of corn is about the 
same as at present, 95 million tons, it 
will be more efficiently produced on fewer 
acres. Of this amount ten or even 15% 
may be devoted to industrial non-food 
Other uses for 
dry milled products, spirits and seed will 
probably require the same amounts as 
at present. 


uses as starch products. 


from 
14 to as much as 20 million tons will be 
used for human food. The remainder of 
the wheat must compete with corn and 
oats for the feed market or with corn for 
the starch market until research develops 
a need for wheat gluten. 


In the case of wheat, 


Unless such a 
development occurs, the amount of wheat 
produced annually will probably be con- 
siderably decreased. The production and 
uses for oats will probably not change 
appreciably. 

This over-simplified picture of the fu- 
ture utilization of cereals can be radi- 
cally changed by advances in research in 
any of a number of fields. Basie dis- 
coveries in agronomy, mutants obtained 
by radiation, or more knowledge of the 
effects of diet on health and growth may 
alter the assumptions made here. The 
possibilities for greater industrial use 
resulting from fundamental advances in 
polymer and surface chemistry have been 
outlined as they might affect starch 
Similar advances in protein and oil re- 


search could have equally beneficial in- 


The ne- 
cessity for research on cereals and other 
agricultural products 


creases for cereal consumption. 


can be demon- 


strated in many ways. To the scientist, 
the lack of detailed information of the 
composition and physical properties of 
agricultural products and their deriva- 
tives for more 
To the layman, for an industry, 
research expenditures as percent of sales 


is evidence of need re- 


search. 


FUTURE 1 
Agriculture 
is lagging far behind other industries in 
research. A broker’s letter 
“Generally the industries and com- 
which have made 
progress in recent years 


are indicative of progress. 


on stocks 
states, 
panies the greatest 
those which 
This 


same letter cited twenty-four represen- 


are 
have been most research-minded” 


tative companies which spend from 2.4 
to 13.4 of 

This is in contrast to the 0.5 
percent of farmers’ total sales spent on 
It 


on cereals must 


as high as percent sales on 


research 


agricultural research 
clude that 


} 


greatly 


is fair to con- 
he 
expanded if their utilization is 
a promising future. 


research 
to have 
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to 


line chimneys 


PrILIZATION 


OF CEREAL CROPS 61 
De- 


Agricultural Marketing Service, U. S 
; Washington, 


of Agriculture 
Agricultural Outlook Charts 1955, 


partment 
D. C 


Daly, Rex F. The 
farm products. Agricultural 
Research 8(3): 73-91 1956 

Woodworth, C. M Leng I irl R 
heimer, R. W Fifty gener 


selection protein 


long-run demand for 


Economics 


ind Jugen- 
itions ol 
lo! ind oil 
Journal 44: 60-65 

Frey, Kenneth J., Brimhall 


G. F 


in 
1952. 


B., and Sprague, 


corn 
Agronomy 


The effects of selection upon pro- 
tein quality in the corn kernel 
Journal 41: 399-403. 1949 
Re port ol the Task Group on Industri il Use 
ot Gi Other Than Aleohol) of 
President's Bipartisan Commission for In- 
creased Industrial Use of 
Products 1957 


Hosking Enormous 


\gron- 
omy 
uns the 
Agricultural 
February, 
Floyd J 


are 


new corn 


markets possible 


through multiplied 


research. Chemurgic Digest 16(5), 4-6 


1957 


Abstract 


in. whart railroad ties 


saving blocks 


important 


ind for ] 


pilings, 

With these 
is associated the characteristic of easy 
furniture 
as wind-breaks, as ornamental 
ind trees, 


qualities 
work- 


Frequently, eucalypts 


lor hne 


ing 
serve shrubs 
is soil stabilizers, fuel, fence posts 

Wood from Eucalyptus 
of Western Australia 
used by pioneers as cog-wheels in wind-driven 
flour mills. £ the or 
mountain ash, has very straight-grained wood 
Trees of this frequently 
heights of 150 to 200 feet 


Euealypts grow easily 


ind mine timbers 
rnuta 


co “vate”, was 


reqnans, giant gum 


species grow to 
ind fast in many 
with 900,000 aeres, has the 
largest number of plantings, with the Union 
of Africa, Madagascar, Spain and 
Portugal all having over 100,000 acres. (John 
Sidney Natural History 66(7): 370-372 
1957.) 


countries. Brazil 


South 


The Production of Papain—An Agricultural 
Industry for Tropical America 


In tropical America there is very little interest in the 
cultivation of Carica papaya for the production of papain. 
This article, dealing primarily with field production and 
processing of crude papain, demonstrates that where 
coffee is grown commercially, papain may be produced 


profitably. 


Introduction 
Carica papaya, commonly called “pa- 
paya” or “pawpaw’”’, is indigenous to 
America. 


are said to have introduced 


tropical Spanish and Portu- 


euese sailors 


seeds to other tropical countries, and to- 
lay the papaya 1s we ll known as a rel- 


‘d article of food in all tropical lands 


da in 
by itself; in a variety of combi- 


humerous 
Ways: 

salads; and 
drink 


a candy or confection, : 


nations 1o7 Irequently as a 
Papaya Is al pre- 
paste, 
juice 
The edible fruit pulp has a mild, pleas- 
ant flavor. It contains about 90% 
is rich in Vitamin A and 


carbohydrates 


st rved a i 
a puree or syrup, and a canned 
water, 
also yields 
Vitamin C and 


minerals It 


various 
aids digestion and is said 
intestinal] 
papaya 
known 


to be vermicidal to certain 


worms. The merits of the fruit 


are indeed far too littl 
In addition, the papaya plant contains 
a milky latex which has in late years 


become a valuable commodity of com- 


merce Jor its power to digest proteins 


] 


Chis sap, when dehydrated, is called 


crude papain”, and there 1s 


growing demand for it in industry 


+ 1] 
hough all parts of the 


plant contain 


latex, In commercial papain plantations 


green, 1mm: Irults are used 


exudations 


tion, because 


unripe Trults much more vigor- 


han irom 


44 Tore 


any ot! part oO] the 
1936, the demand for pa- 


Was rather limited, Ceylon being 
ilmost the only producer 
In 1935 the author started a small, ex- 


Africa 


progresslve 


pernmental papain plantation in 


soon alte ner 


ers joined ll establishing larger 


areas Following Tanganvika and 
Uganda, 
in Ke nya, South Afmea and Quer nsland, 
Australia, and 
Today Africa 


ducer with 


production Ww: also taken up 


lately in the Belgian 


Congo. is the chief pro- 


Cevlon next However, pro- 


duction in Kenya and Queensland is of 


little cons quence In America, the origi- 


nal home of the papava, very little inter- 


est Wi and exhibited The general 


opinion is that papain production does 


not pay because Wages are too high 


Agricultural wages, however, differ from 


country to another, and in some of 


Central American republics the fae- 


I Wages Is certainly not discourag- 
ing. Where ( offea 


commercially, the 


arabica Is grown 


wage level would also 
permit the production of papain, per- 
cI higher eosts tor 


coftte e 
than 


profit, as the 


establishing and maintaining a 


ation ar generally 


greatel 
ca plantation As a basis 
latex tapper, at pres- 


shift a 


COMpPaAarison, 4 


In One 


rHE PRODUCTION OF PAPAIN 


ECONOMIC 


f latex valued from $18.00 to 
which 


a periormance 


compares 
favorably with the value of coffee picked 


by a coffee picker in the same time. 
Chemical Properties and Utilization 


As this primarily deals with 
field production and processing, 


article 
only a 
few notes on the properties of papain 
The milky latex, which is 
abundant in fruits, 
two enzymes called “papain” and “chy- 
Both active principles 
in breaking down or digesting proteins 


are 


piven 


most green contains 


mopapain ”’. are 
The proteolytic power of these enzymes 
Meat w rapped 
night in crushed papaya leaves becomes 
A much 
stronger action will result if a tiny pinch 


is considerable over 


more tender when it is cooked 
of crude papain is put on chicken or any 
other meat. After roasting at ordinary 
oven temperatures, the meat will be com- 
pletely digested where the papain was 
applied. Though the latex has a lesser 
enzyme concentration than the crude pa- 
pain, certain precautions must be taken 
when working with it. 
perspiring face or skin with latex-soiled 
fingers causes an immediate burning sen- 
latex in with a 
produces pain, and the tiniest droplet in 
irritation. The 
worker gathering latex in the plantation 
must wear rubber gloves; otherwise, the 
skin of his fingers and palms will be 
digested 

In the imported crude 
papain is purified and the enzymes can 
be separated in their purest form, as 


Wiping one’s 


sation; contact wound 


one’s eye gives severe 


laboratories, 


crystals The degree of proteolytic ac- 
tion is measurable: in the United States 
mostly by the milk-clotting method, 
while in Europe tests are chiefly carried 
out by comparing the weight of papain 
to its proteolytic power. Commercial 
crude papain of good quality has the ca- 
pacity to digest 35 times its own weight 
of lean meat. There are a number of 
other methods in use. For the producer- 
planter it is important to know that the 
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enzymes deteriorate in prolonged contact 


with oxygen, and other 
oxygen-containing compounds. Oxida- 


the prot olytic power and 


certain metals, 


tion lessens 
consequently the value of the papain. 
Faultless latex or crude papain should 
be ivory-white or yellowish-white. A 
pinkish, reddish or brownish color instead 
indicates progressive oxidation whereby 
the product is reduced to inferior grades, 
difficult to sell 

Papain is used extensively in the meat 
industry tas a tenderizer. It is used in the 
textile industry for reducing shrinkage of 
certain types of wool, in the beer industry 
for clarifying beer and in the tanning in- 
dustry for bating hides. Papain is an 
important ingredient in digestive 
and is used in the treatment of 
various ailments. It finds various appli- 
cations in pharmacy and cosmetics. 


medi- 
cines 


Environmental Requirements 


Successful production of papain de- 
pends on certain fundamental requisites, 
among which the foremost are: experi- 
enced management, technical aptitude in 
latex extraction and processing, and high 
latex vield Where the local subclimate 
offers the essential climate requisites for 
sturdy crowth, the latex yield will reach 
a high level. Good cultivation methods 
will not only prolong the seasonal periods 
the 


Latex can, of 


of latex collection but will increase 
annual yield considerably 
course, be collected from any tree or 
grove, but to make papain production a 
luerative undertaking a high latex crop 
per tree is essential. 

The following environmental conditions 
are considered ideal for papain produc- 
tion: 

Temperatures. An 


temperature range between 21 


diurnal 
and 33 
C. (shade temperature) is ideal for sturdy 
growth. Higher temperatures no 
harm, provided the soil has ample mois- 
ture and the air is not too dry. Slightly 
lower than optimum temperatures have 
no bad effect, except 


average 


do 


a slowing down of 


THE PRODU¢ 
he physiological activity. If tempera- 
16 (* lo! 


eriods vrowth Is apt to be arrested. with 


ures tav below extended 


} 


a corresponding low output Ol latex 


Precipitation. Soil humidity on 


ight frost kills young trees 


lairiv high level is most 


ImMportan 
wet \ Wii 


1200 mm 


must not be 


he soll 
annual rainfall of may 


provided 


isures ile 


How- 


prope! 7 lt { lit 


taken to preserve soil moisture 


oe 
e 


ever, where soil is stony or shallow, tend- 
ing to 
up to 2000 mm. annually may be neces- 


lose its moisture rapidly, rainfall 


sary or irrigation has to be practiced 
Rainfall should be well distributed over 
the entire growing season, if possible over 
eight months If 
dry, even for a short period, root activity 
will be arrested to such an extent that 
latex output will drop considerably 


Sunlight. Papaya plants require full 


the soil becomes too 


sun; any shade falling on trees must be 


avoided 


TION OF PAPAIN 


Atmosphere. Under hot and 


vironments apical growth is 


the internodes on the trunk 


ind latex flow m: 


short 


Irom poor to moderate 


insufficient 
} 


at thev hav 


so densely ly 


expansion a recone 


rormed as they 


temperatures apical growth is 


Here the 
very rapid, the inte rnodes become ore atly 


elongated, and fruits are widely spaced 


A young tree three meters tall may have 
only ten fruits, the latex pressure ol 
which is high Needless to sav, both ex- 


treme conditions conducive to 


best latex yields. The optimum condi- 


] 


tions ol humidity le somewhere between 


consist of a regul season 


and ar rainy 


lasting from six to eight months followed 
by weather with less or no rainfall 


Wind. W hile gentle W inds are regarded 
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as beneficial, strong winds will increase 
transpiration 


during hot, dry weather. 


excessively, particularly 
Not only is la- 
tex pressure reduced considerably, but 
also a great deal of damage can be done 
to the brittle Windblown dust 
discolors the tappe d latex and is respon- 
If dust 
it gives the latex an 
undesirable reddish tint. 

Altitude. It 


the tropical lowlands, though producing 


foliage 
sible for many impurities. is 


: s * 
Irom tateriti¢c solis, 
must not be assumed that 


he tastiest fruits, are always the most 


suitable for latex production. In many 
countries near the equator excellent en- 
vironmental conditions may be found at 
altitude s ot SOO o7 1000 meters 

Soils. C will 


extent 


arica papaya oTOW to 


kind 
fruits 


some in almost any of soil 


and may even produce on 
For Lhe 


latex supply, 


tasty 


poor soils. purpose of abundant 


however, the plants must 
have fertile soils with a high humus con- 
(pH 6 to 6.5) 
Too sandy soils or heavy 
be 


young volcanic soils, 


tent A slightly acid soil 


is desirable 


clavs should avoided. but porou 
lig 


it loams, sandy 


! 
forest soils, or ric sandy alluvial sedi- 


mentary soils w high humus content 
are very suitable. Plant nutrients must 
be in available 


Soil de pth, although important from 


abundant and forms 
hie 
and water 


the 


nutrients 

be 

porous structure. 
Drainage Topography. 


nave 


point ol reserves, 


need not great, if subsoil is of 


Papaya must 
excellent drainage or it will not do 
The author has at 


very vigorous papaya trees on sh 


17 


well one time grown 
allow, 
rocky, limestone topsoil ol only 10 cm 
depth under irrigation and heavy mulch- 
ing, but the subsoil had excellent drain- 

This, however, should be taken 


an exception rather than a rule and shal- 


age. AS 


low soils should be used only after ex- 


tensive tests have shown their usefulness. 

With regard to topography, any plan- 
tation should be laid out on fairly level 
softly undulating hills. 


ground or Steep 
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hillsides must be eradient 


particu- 


avoided as thie 
interferes with all routine work, 
larly the gathering of latex. Low depres- 
sions where water accumulates and 


after the 


stands 


rainy season are quite unsult- 


able for papaya plantations. 
Plantation Management 


The prospecting papain planter will be 


well advised to make test plantings on 


possible plantation sites. Utilizing the 


best cultural practices and running im- 


partial tests for latex vield, although 


time-consuming, are very important in 


land selection 
Preparing the Land. 


planting, the land has to be cleared 


Preparatory to 
will 

\ cer- 
tain amount of leveling is often required 
be 


ust d 


native vegetation Ploughing 


beneficial, but is not a necessity 


done if furrow 
The 


be divided into square 


and grading must irri- 


gation is to be cleared area 


should 


blocks Ol 
( qual and convenient 
size from one 
block will be 


s1zZe, varving 1n 


acre to one | ‘Lal Each 


treated as a separate, single 
unit in planting, tapping, cutting down, 
and replanting 


ated 


l 
The y should be s par- 
bv 


from adjoining blocks by a service 


road Supervision and management aré 


greatly such divisions 


(bout 6000 papaya 


facilitated by 
Raising Seedlings. 


seedlings with five to seven seedlings to 


ach tree-spot are required to plant one 


Approximatel y 550 shade-dried 


acre 


welg! Three months 


seeds will gh one ounce 
before the intended planting time, seeds 
should he 
and three 
paratively wide service 
each bed. No shade 


seed bed should be well cultivated, 


sown 1n open beds 90 em. wide 
to six meters long, with com- 
paths between 
The 
and 
a good supply of water must be near at 
hand. 


is required 


Seeds may be planted in drills 14 em 
and covered with about 1 of 
light soil. If there is no rain, daily water- 
ing with 


apart em. 


a sprinkler can is necessary. 
Germination takes place in three to four 
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Hand 


whenever weeds appear. 


weeks. weeding must be done 
When seedlings 
reach a height of 15 to 20 em., 
be transplanted to the field 


while 


they may 
To harden 
the stems, still in the seedbed, it is 
a good plan to cut the tops to a height 
of 10 em 
times to check their growth, 11 


} 


reason pl 


Seedlings may be cut several 
for any 
anting must be postponed 

soils with a hig 


Transplanting. In 
humus content and a good structure, there 
is little need to dig plant-holes prior to 
\\ here 
about 30 «3030 em 

refill these at 


made To 
mixture ol 


planting this is not the case, 
plant-holes of 
ought to be 


planting time, a top soil and 


forest humus, with a handful of bone 
meal, may be used. Rainy weather o1 
late afternoon hours are best for trans- 
planting. The seedlings removed from 


the bed are placed in a damp box which 


SCCUL- 


the worker carries. Five to seven 
lings are planted in each plant-spot. Ii 


the weather is dry, they must immedi- 
ately be watered and shaded by sticking 
some branches or fern fronds around 


them. After one month or so they begin 


to make fast growth and should begin to 


bloom after five to seven months in the 
.. , 
field 


In situ Planting. Seeds may be planted 
Here, the 


aiter having been soaked in water lor a 


SCCQUs, 


in the permanent setting 


day, are planted 10 to 20 to each tree- 
spot. A short stick indicates their po- 
sition and some shade must be provided 


seeded 


Irom 


Close watch must be kept on the 


spots They must be kept tree 


weeds and the shading branches removed 


soon alter germination 


Planting Distances. The diameter of 
the crown determines thi spacing ol the 
trees. With proper spacing, the crowns 

Very 
210 em. (7 


7 ft.) is adequate, but it can hardly be 


of adjacent trees will not touch 


often a spacing of 210 em 


said that trees of this crown size are very 


vigorous. This planting distance gives 


890 tree-spots to the acre or 2250 to the 
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hectare For most Vigorous growth, trees 
should be spaced 240 240 Cm. or even 
wider; In some cases plants are spaced 


300 « 300 em 


Sexual Forms. Only the female form 
is used for latex cropping in papain 


plantations The male flowers are borne 
on long, drooping, flower stalks in great 
numbers, and the female flowers are 
stalks in the 


stalk carries from one 


short, branched 


Fach 


W1Ie ‘ ) 
duced on 


1 
to five female flowers As there are no 
means to determine the sex of a plant 
before if sets flowers. severa nlants al 


zrown in each plant-spot 
Discarding Plants. On each pl: 

the first three trees which show femal 

ved and the rest ar 


About one 


strongest ot the 


flowers are presel 


destroved montn iter tne 


remaining three 


is preserved, and the other two are pulled 
out, ieaving only one ltemaie to eac! 
plant-spot It would be absolutely er- 
roneous to leave more than one femal 
for production in ‘each spot. It is ad- 


visable to preserve trom 10 to 25 males 


to each 1000 females, suitably spaced in 


; ’ ’ 
assured OI good pol- 


the plantation, to he 
lination and better-deve loped fruits 
Continuity of Latex Supply 


plant 


Once a 
ition is in production, continuity of 
ial factor 
flow 


} 
to make 


he comes an essent 


atex supply 


: ; a cia 
Although the penod of good latex 


. , 
Ss rather short, 1t 1s not leasible 


a general prediction when a tree will be- 


come unproductive. However, within his 


wn loealit the nNerer 1 nlanter } 
own locality, the experienced planter 1s 


quite able to foretell the productive 


1le- 
span of his trees This varies consider- 
ably and may be anything from 28 to 48 


or more months, but, as a rule, threé- 
vear-old trees set their Irults so high on 
the trunk latex 
difficult This is the 
case when fruits are higher than 350 em 


above ground level 


that gathering the 


comes increasingly 


Furthermore, the 


size and the number of fruits, as well as 


the latex vield decrease with age and 


height of trees antations the 


In many p 
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econ or = aroul vo al i 0 rees planted where the first se¢ vias 
i vears Manted This practice may be epeated 
Latex vields are greates the first vithin the same unit of land unt ( p 

twelve mont of tapping In the see- SOll SshOWs signs Of exhaustion 

Ol veal e vields are about 65 of Second Plantation. Wher ind is 
he first vear’s diminishing more in eae] ibundant and cheap, one might plent 
0 yr vy 0) HNeCE ¢ in¢ nian the plat 
Two ni OUs are liable ( sure l oO begin yvieldi vhen the old plat 

cons 1 iC Ol ro ol yial C On is exhausts Ss operation can 

Or DV a seCCOI Mantatiol be Continuce Ol the samy basis as To 


Rotation Planting. Rotation plantin tation plantil taking care to have the 


,@) Is practiced where ind is searee or ex hew crop m production at exhaustio I 
DeNnslve If the first set of trees becomes the old 
unproductive it the age ot 28 months Naturally ll inv plantatiol i the 
eight mor = ( Ous tk e end ot} the rees O One I I \ not rea inl 
productive ero CW Set ng rees Inproductive stage in exactly e same 
Shou 1)¢ ) hnted be Ver ( old r ~ mont \\ ro troy? ) 7 gy pal eu 
= 1! |} v ; | ese -CF Ings WI CC ri\ ou rT i nm prac ce to cut 
oO Vit ex elg months e} low! e worst ees only al SAVE ( 
( ( vher ees a wetter ones It is st lmportal er 
= bela) | ite! \ ras} ‘ =eCOl a4 ore i I Ol 0 CvAICcuUlLATE eX 
becomes exhausted, the same rotatior tustion, all old trees be removed his 
lan ris to be repeated. the third set Is necessary in order to bring up a sub 


sequent set ol trees unitormly 


Organic Manuring. For an abundant 
ortrororos 


latex supply, the most vigorous growth 


must be induced. In most cases, a high 

evel of soil fertility should be main- 

bos liberal rnc ] ) 
* tained Dy liberal manuring and other 
owen eoeager. 


neans which are economie and practical 
Any bulky animal manure which is worth 
ne cost Ol handiing and transport ition 

may be used with discrimination. Manu- 
© x © x © x © x factured fish-, bone-, or bloodmeals are 

excellent though olten too high-priced 
Any additional vegetable or animal ma- 


] } } } " 
terial, 12 partly decomposed, 18 an excel- 


© K © x ©) x © Xx lent form ol organic manure Very ler- 


tile virgin soils may have no need for 

manuring for a number of years 
Mulching. Mulching induces a strong 

growth in papaya plants. A blanket of 


: vegetative matter 15 to 25 em. in thick- 
oO Fi rgé Sez of /rees ness, spread over the entire surface, is 
x Neco na Jez of lyees 


° lcrd Sel of Trees 


extremely beneficial, especially under 
tropical conditions. As the lave rof mulch 
decomposes, more should be added The 


microbiological activities in the decom- 


Fic. 3. Rotation planting posing mulch are of the highest impor- 
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tance With Nh exception. of ni | 1] thre SOll Moistul 


woody materi any vegetative m: ! be kept available for 


may be used for mulching ac Irrigation. Irrigation should 


mulching ait t hat veg “aU1\ { rad § ‘4 help in prolor 

matter can be grown profitably for 1] ! weathnel to keep up t 

purpose on adjoining lands, as is done in 

vell-managed coffe lantations \lix- 
\ 


tures of materials should be given pref- 


erenee, as the use Of one material (grass ration 


lor example) harbors the danger of fil al 1 bye ! 


during dry weather ing the first seedling 


Mineral Fertilizers. In lands whic! tion the rows must 
have been cultivated ior a number oO] ine 
vears, latex vields will be considerably rule, 


increased by using one or several types gate the whole surface of t plantation 


of inorganic fertilizer ‘he val li Feeding furrows about 20 em. deep should 


tion of any of the mineral fertilizers can be made, each of them running in the 
be determined only by tests ( center bet parallel f trees 
papaya is rather demanding of n n Wate 1 int feeding turrows 
This nutrient is most appropri ly; and while a little may 
applied in frequent 
in almost any older plantation 

Tillage. Given good edaphie condi- 
tions, papaya produces a number of sur-  &rea around each papa 


YY v Tf y +} ‘7 y ‘ 
lace roots Pillage should, therefore, be en Nest leedains furrows ire O tM 


iF g 
restricted to occasional hand hoeing led depends entirely 1 clreumstances 
. eoll st? f teri y 
deeper than two ‘sol structure, tempera 
ol deciine, condition of 


r} No rule 


experience Is the only way to tell 


cultivation injures too many 
low surface roots, and for 
machine cultivation cannot 


= ' a Seed Supply. Size and shape of fruits, 

mended. Light hoeing is generally don : 

1 es a . vegetative growth 

When & Carpet shall weeds has to be , ’ 
: ; in ariy ilrultsetting al 

destroyed oO ‘n the soil surtace tends ; . 

In mna when selecting mothel 


to become crusty 
Weeds. No tall weeds are tolerated 


During the rains. weed growth should 


seed supply Seeds taken from se- 
d mother trees produce plants most 


mave the char: 
not be hoed, but } { slashed off mother tree For 
just above ground level Where mule] ‘ 


1Ong 0 oblong-shaped lrult,. 


ing Is practiced, tall weeds ‘ f from SOO to 1800 o Is most sult 
the muleh must be pull d out hi These of a larger surface for latex ex- 
Intercropping. The planting of catch traction than other types. Plants pro- 


crops between the rows of papaya ducing globe-sh;: fruit > numerous 


cannot be recommended 


small ones or of a sexual | not freelv 
cumstances should any crop be planted pollinated are inferior for latex 
which necessitates digging ridges,trenches — tion 


or large holes as with sweet potatoes Diseases. \lost of the diseases of pa- 


i 
manioce, ete. Any cateherop would seri- —paya ean either be kept in cheek or com- 


ously interfere with tapping operations. pletely controlled. Re 


hable information 
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is available from literature and 
or pamphlets issued by v: 


(One of these 
1955, of the Agi 


service, 


cultural departments 
136 


Extension 


example, is Cire 
cultural Gainesvill 


‘lorida, which gives directions for the 


other 


control of the papaya fruit fly and 


insects prevalent in Florida and the West 
Indies 


aaa , . 
There is, however, &a mosaic dlsease 


which can become very destructive sinc 


proper control measures have not vet 


been worked out Type s of this 
from | India, th 
Philippines, Hawaii, Florida, Australia, 
the West Indies and lat: ly, Africa. The 


symptoms, as destructive 


aiseast 


have been report d vast 


well as the 
pows r of the different types ol mosaic di- 
Judging from 
African and Ha- 


e actual damage is com- 


sease, vary to some 
the 


extent 
description of the 
wallan forms, t] 
paratively sli 
form 


oht \ rather destructive 


occurs in Haiti There, the first 


Symptoms are the appearance of watery 


green, sunken, 
to tour mm. 1n 
the trunk 


minal leaves lose their healthy color, be- 


irreguiar spots Irom one 


extent near the apex 


Soon aiter, the youngest, ter- 


come mottled, pale yellow-green and dic 


‘ 


off within a short time Then the whole 


the 


apex dies, followed leaves 


} 
olde r 


As 


: 
DV 
and finally by the trunk itsel 
young, 


a rule, 
bearing 
The 


older trees 


trees 


ground lower pal he trunk of 


sometimes survy Later, 


new growth may sprout from the trunk 


ives 


of these older ‘ and he- 
In the 
the infection, sap pressure decreases first 


in the 


rees his, in turn 


comes diseased eariyv stages ol 


youngest, green fruits, their growth 


is arrested and they fall from the tre 


The same happens with older fruits later 


and thus, within a few weeks or months, 


a whole plantation of bearing trees may 


be destroyed Trees are most suscepti- 


ble when they nave 
Although the 
newly infected tre 


fruits. 


(lowest) fruits of a 


a big crop ol 
first 


e may be tapped sue- 


| 


cessfully for a short period, soon all 
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hecome usel ss verv 


for tapping. It is 
probable that different strains of viruses 
and different environmental conditions 
cause the variability in this disease 
The 


West Indian form, has not observed this 


author, who is familiar with the 


type ol 
Africa 


of mosaic is possible the 


Hawaii, and 


the occurrence 


srazil, 
In areas whi re 


mosaic nN 


plantation must 


be checked fre que ntlv, and diseased trees 


must be removed as soon Aas they show 


att: No papaya 


] } 


established in localities 


symptoms of ick 
] 


ngs shou d he 


where severe lorms ol mosaic occu 


Disposal of Fruits and Trees. There 
will be a great quantity of searred, yel- 


low, mature fruits. These are satisfac- 
tory for human consumption, and the 


author has sold truck loads of them on 
the Brazilian fruit market. Their juice, 
too, may be used for fresh drinks. Those 
which cannot be sold may be fed to pigs 

] 


or may be buried in shallow holes as far 


remaining plants as pos- 


away trom the 
sible. They may be cut into small pieces 


with a little soil 
should 
surface to become a rotten, mouldy 

Felled trunks should be 


into small 


and left to dry, covered 
The fruits 
the 


whole not be left on 
mass 


pieces and the chips 


covered with soil. 
Collecting the Latex 

Time of Collection. 
tex should be done 


Gathering the la- 
during the morning 
hours or on misty, cloudy days or after a 
good rain, gen¢ rally in seasonal periods 
when warm temperatures and humid con- 
ditions coincide. The observation of these 
is conducive to considerably higher yields 
Gathering lat the 


times Of hot, 


ex from trees during 


dry, and/or windy weather 
conditions wasted 
effort. but 


the whole 


would not only be a 
would considerably weaken 
stand of trees 
unadvisable at low temperatures 

Fruits to be Tapped. The oldest fruits 
(lowest the trunk) 


tapped while the V are still entirely green 


Tapping is also 


on alone should he 


For various reasons it is unadvisable to 
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extract latex from all the Irults on 


the trunk Fruits 
their full size but 


green 


that have nearly 
still green 

If the 
small fruits higher on the trunk 
old 


growth will be arrested and they 


reached are 


give the highest latex yield 


younger, 
are tapped at the same as the 
fruits, 
will ripen prematurely 


time 


The whole tree 
will be gre atly weakened by { 
When 


develops yellow 


loss of fluid 
ts 


eXCeSslVE a iruit, ir- 


respective ol 1 s1ze 


patches on its skin, its sap pressure, its 
latex quantity, and the enzyme concen- 
A fully 


tration diminishes rapidly vel- 


70 om 


Dimen 


low fruit contains little latex and almost 


ho enzymes. 
Tools for Tapping. A 


consisting of two workers, 


gang Ol tap- 


pers, must be 


supplied with one incisor, two latex trays, 


one wooden scraper, two collecting boxes, 


two pairs of rubber gloves, one pair of 


sunglasses, a soft brush, a bucket, and a 


solt sponge 


cisions in the skin of t 


making the 
he 


consists of a stick or stake to which part 


he incisor, used for in- 


fruits, simply 
of a common, double-edge 
blade is attached. 


salety razol 


The blade is inserted 


he re pe ated, 
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hight, 


we ll-plane d 
thick 
pends 
No more 


pe 


in a stake of tough, 


and 


e 
i 


wood eight to ten mm. wide 


The 


height of the fruit 


enough to be stable length ¢ 
upon the 
u! blade should 
} 


Hac 


an three mm. of ex- 


posed tl kward 
If the 
it will hold the blade firmly 
blad 


using a 


1e sharp edge pointing 
stick is taken from suitable wood, 
If not, the 
by 


may be cemented ie silt 


waterproof household cement, or 


by tying thin silk or nylon thread around 


the stake near the blade 


head of the 


the 


off 


edges on SLE 


rounded 


Boards 
2 Wive Rim 
3 pen Se t 
= a nn yg mex 


ree Traak 


6 American Colton Caf 


7 Clamps 


S1lons 


Wo s1Zes OL Col trays 


should be available, one to fit with 


trunk diameters from eight to ten em., 


the other for diameters greatel than this 
f the 
shown in the accompanying ceten 


ay. 


Ing 


Details for assembly o trays ar 


(Fig 
The Jaws (boards) of ne support- 


frame are made 


8 


from light, tough 


wood 76 l em., tightly screwed to- 


one end (scissors to 


or more 


lashion) 
1S ecm 
for the 


+ 
Lo) 


1] 
ALLOW 


lor 
the smaller tray, 


an opening ol 
99 


ior 
em 


larger. To these supporting frames a 3- 


mm. diameter galvanized wire s at- 


ring 1 
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tached in a manner to leave the jaw se; 


\ rood grade cotton cloth 


ment open 


sewed to the wire Ing, again leaving thie 


: = 
iaW segment open | 1 Cloth should not 


to support thie 


| 
trunk, a 


tion on the stout 


fastened on the lower side 


drawn tight around 


opposite 


! 


runk, two hinged legs of 


ght, 


wood are attached on the under 


framing members. These are 


aki lowe! end to secure 


them 


when the tr: is placed on trunk 


This 


transport 


up, to 
and to autho. 


The 
many other designs, prefers 


any 


otnel 


wooden spoon Is used as a 


he coagulated latex 
from the collecting tray to the collecting 
DOxX The box should have no metal parts 


he 


pigmentation 


exposed and must made from a wood 


no A convenl- 


nt size is from two iret An 


bye 


gallons 
namelled bucket may used as well 
Tapping Operation. The 


yperation Of a papain plantation ce px nds 


successful 


largely upon efficient tapping. Too often 


indiscriminate tapping with too many o1 


too aeep Cuts or using all green Irults 1s 


practised Iruits are 


In 


tapped, 
| 


and 


t Increase S1Z¢, 


thev soon become totally unproductive 


lrees recelve a severe shock when all 


fruits are tapped simultaneously, and 


lo not 


even thie largest proauce 


Chere 


dripping ft 


well will be no latex flow, only 


sonic latex then 


if 
i} 


] 
sticks to th a brown 


nuisance for subse 


quent f v sucl practices in 


SCTIOUS LOSS pel tree pel ncere 


should preceadt 


the tapper the 


av before, trimming, cleaning the trees, 


removing old stumps, and cutting tall 


weeds to pave ft way 


for the tapper 
oO] | 


Removal ol a number large icaves 


BOTANY 


Irom each tree must be prevented, how- 


ever, as the reduction of photosynthetic 


areas will decrease the total latex output 


consid rably 
The number of fruits ready for tapping 


] 


may \ ind 


ary trom or more, 


S1X 
the number selectec 


1 lor 
However, 


stage 


arbitrary any 


stage must no e touches 


| When. 


| 
lowest 


aiter repeat tappings, the sCC- 


tion of fruits develops vellow patches 


, 
aecreases, all truit 


latex 


the 
lis section 
Fig 


section 


are removed from t] 


5 shows tapping in sections 


will be tapped repeatedly 


tervals from five 
tex 


to eight ( until lu- 


flow diminishes 


W hich 
justines the 


remMov: 


Trom 


Phe 
simply pushing the 
trunk 
Iruits, tigi 


tapping operator fixes | 


open segment against 


410 to 60 em 


itens the rubbe I 


thre 


below the lowest 


ribbon under- 


neath the tray around trunk and } 


trie Mts 


bracing legs into position \ 
banana | al ois placed over the 
This 


ten 0 


piece 
{ 
Ol open 


jaw-segment operation takes no 


more than hiteen seconds. The 


moment the tray Is In position he makes 


InCcIs1ONs 
ol 
Ir y 
aripping 


in the skin of the 


Irults, al 


lowest section 
\\ nen 


moves his trav to 


sO a matter of seconds 


Nas ceased, he 


\ deft 


two or three 


the next tree tapper may work 


with trays at a time, thereby 


increasing his performancs 


At 


thirty or more trees per hour 


very consid 


erably this rate, he will averag 


A]] incisions must be mad 


thus imsuring the maximum quantity 


No 
+} 


than four incisions at one time should be 


ol 


latex dropping to the tray more 


made on and smallet 


Any 
ber 


r of incisions on a fruit will, contrary 


lruits, ones 


should h: greater num- 


] 


to common belief, result in a lesser quan- 


titv being collected, as much of the 


remains in droplets on the fruits 


quently, tappers make many 


with a 


NCisio0ns, 


literally covering the skin net- 
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work Ol Cuts and scratches This prac- 
tice produces a much lower latex output 

As mentioned already, incisions must 
being 


be very shallow, a depth of 2 mm 


ample. Deep incisions often do not heal 
over, and 
Whenever a quantity of 
mulated on the 

into the 


frequently fruit-rot 


occurs 
latex has accu- 


tray, the tapper must 


scrape it collecting box, using 


the wooden scraper, 


materials 


picking out toreign 


accidentally fallen 


which have 


on to the 


Kia. 5 Left) Tapping 


At the 
the latex should 
The 
a steady stream 
required that 
very 


moment the incisions are made, 


stream Irom the 
rate of flow quickly diminishes from 
to dripping. It is 
the 
last drop to 


not 
tapper walt Io! Iie 
fall Usually he re- 


moves his tray when dripping becomes 
very scarce 


The 


minutes 


follows the 
the 


wax-like coagulated 


helper 
aitel 
wipe off the 


tapper filteen 


tapping operation to 
latex 
which oozed from the incisions afte 


Lapper has removed his tray Using 
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rubbe r-gloved nngers ora very soit brush 
he wipes this latex into a cup and empties 


it into his own collecting box. If care- 


fully collected, this latex may also be 


used for A grade. The helper’s last oper- 


ation is to give each wiped fruit a few 


stroke s with 


\re- 
This 


a moistened sponge 


move the remaining film of latex 
| 


v facilitate he week's 


will great next 


tapping o1 the same fruit 


he tapper has delivered his 


ection the tools must Tye 


Tray 
2 Handle 
s Rubber 2 bbow 
° Wim ged Leas 
S Banana leat 


Right 


sections 


washed in clear wate! The tray must 


he serubbed with a hard brush, rinsed 


and hung up for drying. Cleanliness ex- 
ercised in all the tapping Operations Is of 
utmost and all foreign mat- 


ter must be kept out of the latex 


Importance, 


Processing the Latex 


i} 
For 


teolyvtic 


the purpose of preserving the pro- 


action of the enzyme, the freshly 


tapped latex must be processed without 


delay after it has been delivered by the 
tapper 
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accomplished by 
dehydrating t latex The 
former process, not observed by the au- 
thor, involves a partial dehydration to a 

addition 
(sodium chloride). It is 
} 


ne pro- 


Processing may be 


salting or he 


paste-like consistency and the 
of common salt 
claimed that by this technique 1 
teolytic enzyme activity may be main- 
tained months 
The de hydration process, however, is the 


unreduced for several 
main subject in this paper 

In the 
sun-dried, 


nique 


early days, latex was simply 
tech- 


For 
kiln 


a primitive, inefficient 
, giving a low-quality product 
modern, 


commercial production, a 


ee 2 oe 


Direction 
Prevailing Winds 


sss 


ef 


Side view 


or oven which can be operated in any 
1s If the 
oven is well-constructed and _ skillfully 
operated, the highest quality of papain 
be providing, of course, that 
the gathered latex is pure and faultless 
Many different types of plantation-built 
ovens in 
design and construction 

Oven Requirements. 
source heat 


be 


conditions, 


weather condition essential 


can 


are use, varying in details of 
The 
determines the type 
constructed Under 


available 
of 
rural, 


of 
oven to 
tropical electric or oil heat is 


probably too expensive to conside1 


Wood fuel, however, is usually abundant, 
and the following description gives de- 


The 


tails for an oven utilizing such fuel. 
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ol 
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chief requirements are slmple construc- 


tion, inexpensive materials, economic op- 
eration, and effici ney in periormances 
Horizontal Oven. 


this 


The main parts of 
furnace or fire 
chamber, a horizontal heating canal with 


oven are separate 


chimney, two interior walls serving as 
the support for the drying frames, and a 
shed-like building the 


drying chamber (Fig. 6 & 8). Though not 


enclosing entire 


necessary, the piece of land selected for 
the construction should have a slight rise 
of 1 10 The 


bricks or cement 


yuilt 
utilizing 


support 


lurnace 1s trom 


blocks, old 


auto or truck springs as for a 


Fire Pramber 
Stexe hele 
Track Spr = 
Brick wails 
drums 

Cement Fleer 
Carmnty Socket 
Sautter 

Ape Bxtanmen 


Aeatkirg Ganal /o™ 


iting stru 


ceiling of Dimensions 


given 


layered earth 
Fig. 7 
To 
working room and to provide adequate 
airdraft, be 
moved in front of the stokehole 
Old 


with the tops and bottoms removed 


In are interior measure- 


ments give the attendant ample 


sufficient earth has to re- 


oil, carbide, or bitumen drums 
are 
The 
line and se- 


either 


satisfactory for the heating canal 
drums 


cured 


are 
with 


laid in a straight 


side 
All joints must be made tight by pour- 


larga stones on 
ing a sand-cement mixture over them to 
prevent At the 
upper end, a chimney socket, built from 
bricks or cement blocks. 


smoke from escaping 


supports a pipe 


extension of convenient length to increase 
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should be well 


the draft The 


anchored 


chimney 
To control the heat, a damper 
should be built into the 1 
chimne V (Fig. 6) 


iower part ol the 
\ protecting shed with a tight-fitting 
roo! and doors to serve as &a protection 
weather conditions is 
8 & 9). Air must not 


enter the drying room through the 


against adverse 


necessary | I lgs 
rool 
enclose 


\\ nere 


obtainable or are 


or doors The shed should not 
the fire chamber and chimney 


bricks are not easily 


expensive, the walls of the shed may be 


built of sun-dried bricks or similar local 


material. The interior walls should be 


smoothly plastered To reduce dust to 


a minimum, the working floor should be 


a 
] 
lf 


covered with a ten em. layer of pebbles 
As roofing material, corrugated iron or 
asphalt paper laid on chicken wire serves 
well, but palm leaves, similar 


spider 


thatch or 


material should be avoided as 


TION OF} 


PAPAIN 


webs, ioage 


insects : 


and such impurities may fal 
drying frames below 
\dequate provision tor ventila 
important. For incoming dry air, open 
above the 
and for out- 


going damp air, open vents must also be 


vents must be made 


floor level in the shed wal's, 


} 


made in the shed wall underneath the 


eaves Five bottom vents and ten top 


vents for each long wall ought to be suf- 
hcient These are controlled by wooden 
props, or better, by means of cotton rags 
Wheneve r there is need for increased ven- 
tilation, more vents are opened 

Speeding up the actual drying time, a 
matter of considerable importance, may 
be accomplished by installing a rotating 
ventilator which simultaneously expells 
damp, interior air and sucks in dry, out- 
side air. Thus, a constant stream 
maintained while the oven is 
might he 


a small ke ro- 


installed near 


operation. Such a ventilator 


driven by electricity, or by 
sene engine, and should be 


the roof-line in the wall facing the chim- 


ney. If a rotating ventilator is used, air- 


vents should not be built into the long 


walls Instead, two vents, each 10x 20 


17 


em., should be made in the 


the fre 


chamber. a litt] 


Shed 


Pree Space 


Rotating Ventilator 


Jats rie © 


Pree Space 


D R 


Free DSpace 


peierreor 


Chimney 


puper 


daevetene f 


/ 


Air Veal 
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Control of the fil Is produced by a 
The 


also he Ips In Con- 


}. 


damper in front of the stokehole 


qgqamper in the chimney 
trolling the draft. 

The supporting structure for the dry- 

frames simply low 


consists Ol 


two 


) built parallel 


row of heating drums 


walls (about 90 em. hig! 


to the Just above 
too, should be Dro- 


10 em.) 100 


an up-draft of hot 


the floor, these walls. 


vided with small vents (10> 
em. apart t create 
air. Dimensions for these walls are given 
in the accompanying Fig. 9 


Drying Trays. Latex-drying trays 


Heght Lom 


bu y 


120 em 


5 em. deep Phe 


and 
corners are reinforced 


should be long, 60 em. wide, 


by triangular, light sheet metal. Over 
this frame good quality cotton is fastened 
by nails along the edges of the frames 
Each of these frames will hold approxi- 
mate ly 1500 er 
placed on the 
With 
will be enough room for fifteen frames 
Th 


creased by 


fresh latex and will be 


low walls above the drums 


a heating canal 10 m. long, there 
capacity of this oven may be in- 

arranging a whole set of 
frames vertically, as in Fig. 9 
tween the tiers should be at 


space he- 
} 
least lortyv 


Cin 
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Oven Operation. The operator has to 


strong fre leat the en- 


make a fairly 


tire Canal After a stable fire has been 


produced, it must be regulated to pro- 


an i rage temperature 
over the Short pe riods at 
60° C. may not damage the products, but 


all effort 


W hole range 


must be made to maintain the 


optimum temperature of 55) ( 


Coagulated latex must not be placed 


in the trays in uneven lumps nor smeared 
] 


on the cloth In order to produce an 


hnomogenous condition, a iand-operated 


aluminum fruit ] : be emploved 


Height 2.382 mm 


Wells 

Rack Structure 
2 Jryeng Frames 
aw Yaterior wall 
S$ Healing Canal 
6 faves 


7 Roo- 
8 Working Floor 


verls 


Interior of shed 


The 


press dire ctly onto 


coagulated latex emerges trom the 
travs in a loose, 
thread-like mass. The facilitates 


press 
more rapid drying and at the same time 


reduces the impurities 

The filled trays are placed on the drvy- 
ing racks and kept there until the latex 
breaks and crumbles easily in the finger 
If optimum conditions in the dry- 
the 


process should be completed in something 


tips 


Ing process have been maintained, 


less than twenty hours There must. be 


no interruption 


Latex gathered under optimum condi- 


tions contains trom one part erude 


pa- 
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Or S1X parts Ol 
200 vy erud 


conditions 


pall ‘iter U 
have approximate! 
moisture content, 
brittle bread ¢ 
vellowish COLO! 
kor export, crude 
ground mto a Cours 
Vezroscopie 
contamers 
n. Exposure to 
ikes it oxidize 
oss of enzyme activity and a brown- 


qdiscoloration 


p ick a 


hand 


Chese can stored 


SHOould 
ably cool room Packing i | 
jars May consid 
they are packe 

nt possible bi 


shipping 


Economics and Miscellaneous 
Information 


ircumstances under whie 
are established and 
Altitude, 


management wages, 


Mmanwger 
latitude, sol 
worke rs 


other differ from one 


and 
another, exercising 


country to their in- 


fluence It is therefore not feasible to 


give concrete figures which could ( 


taken at thei 
Phere are, 


any plantation Nnoweve 


formances whic] ought to be achieved 


whenever conditions can be deseribed as 
suitable or good, and for these instances 
some figures are given 

The value of papain production to the 
economy Of a country may be estimated 
from figures published by the Tanganyika 
Department of Agriculture where this in- 


dustry is only a few vears old. Ther 


PAPAIN 


uctiol Ol put 


in 1947 
ported Vi d at 306.485 FE 


pounds i { t ti equivaiel 


roximatel $1.2 million [t 


stated that Uganda (1 


duced a crop ot 50.000 kilk 


hat Ceylon some vears earhel 


crops of about 100.000 kilos 


producto 


nowevel 


e aquatlitv someti 


worm to tlie 


Importation 
Wages and Economy. 


+ } + ] 
I rye pomted 


out 


a experiel 


tO Work WIt! 
workers W oO nre 
paid than 
workers 
best condit 
ill, In ComMmparl 
greater return than 
worked extensively 
the establishment 
tions, there 
pava gre 


auction 


central 


} 


OASIS 
Expenses in Establishing the Planta- 
tion. The chief item in costs 1s undoubt- 


edly the clearing of new forest lands, if 


However many 


such are used 


CASCS, 


grass- or bushlands that h: been unde! 


cultivation of other crops are suitable 


Thousands of seedlings are raised with- 


out much effort and expense, and one 


workel! Is § to plant one nectare 


(about 1800 trees) within ten days, pro- 


1] 


vided the necessary preparatory work 


has been done Maintenance, from set- 
ting out the seedlings until they come in- 
to bearing, chiefly consists of weed con- 
as one worker may hoe 


trol and, lrom 
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700 to 


about 


1200 
ten di 


square meters per shift, 
ivs are 


The 


mulching and 


required for hoeing 


one hectare cost item 1s 


biggest 


likely to be the manuring 


Provision ior irrigation and regular 


watering routines will add to the costs 


Planting, raising and weeding will 


amount to about 65 work days per hec- 


tare until the trees beconk 


ready for 
tapping. 
Expenses for Equipment. 


provization, 


W ith 


materi- 


lm- 
utilizing available 
has built 


Mucel 


using materials obtainable 


author 
ss than $240 


the ovens costin 


de ali nds on one "6 
Ingenuity 1n 


under rural tropical condit 
Latex Yield and Personnel Perform- 


ance. Gilve 


10ns 


n gooa management and opti- 


mum cultivation, latex vields should be 


ne arly constant throughout the producing 
season. If these conditions prevail, a 
well-trained tapper ng 

40) trees 
latex trays 
to eleven kg. of latex per shift 


sistant, 


per hour two ol 


’ 13 
three should collect 


Irom s1xX 


His 


iruits, 


a>~ 


W iping latex 


Irom the 
increase this vie ld 
120 sh 

are required pet 
1800 trees) per season 
the 


present 


considerably Ap- 


proximately ifts and 


lo! Lappe! 


“assistant hectare (ca 


These figures are 


from author’s experience, given to 


a roug! idea vield which can 


be expect ad 


Reports from available literature areé 


quite ] In most not 
lj | 


whether the 


variable. cases, 1 18 


known vield reports 


are 


from trees given specific care for crud 


papain production or from trees under 
random crowing conditions One report 
from South Africa gives a of 
ation in production from 20 to 250 grams 
This 
Tan- 
()ne 


range vari- 


crude papain per tree per annum 
From 


ganyika, various figures are given 


is of littl practical value 


25 acre plantation gave 4500 pounds, or 
180 pounds per acre of crude papain in 
the first year. Another from Tanganyika 
reports from 60 to 100 pounds per acre 
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per annum. In Peradenyia 
10 10 ft 


fourth day, gave an average annual yield 


(( ‘evlon) 
trees spaced tapped every 


of 111% ounces (330 grams) of crude pa- 
per 


own plantations, 


pain per tree, or 312 pounds per acre 


annum. The author’s 


planted under ideal soil and climate 


ations, 


con- 


produced average vields of 


kg. crude papain per 
season 

Prices. P1 
Al, 


Ql, 


ices for crude papain, grade 
quoted in the United States by he 
Paint and Drug Re porter during the 
first quarter of from $3.00 to 
$4.00 per pound. July to November 
quotations were from $8.00 to $8.50 per 


pound 


1957 were 


Like otnel tropical commodities 


market prices for crude papain fluctuate 


but if one reviews t} price levels for the 


a steady increase may be 


ti0n Ol papain 1n in- 


dustry becomes more firmly established 


reasonable to believe that there will 


continued rise ol 
1929, at a 


price = 


time when Ceylon was 


‘nhiel producer, ices were 


London pr 
the neighborhood of 


\\ orld 


SIX 


pound. During War II, 


registered 


a sharp rise, and African crud 


papain sold for thirty shillings per pound 
in 1947. At the present rate of excl 


the August-Nove mber quotations of 88.00 


mange, 


] 


per pound correspond to sixty shill 


Annual imports to the United States 


amount to approximately million 
the Commodity 


110, U.S 


quantity 


one 
dollars According to 
(‘ensus 


1956 


Reporter ET 


Sureau, thi imported in 


was 246,022 pounds 
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million er. root. « 
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t 
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rd, paprika, 


seed and others 


M iny 


Way 
essential oils add 


lragrance 
] 


The oil 


; 
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oO 
1? 
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} 
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dis 
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aure 
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Technical Developments in Natural Rubber 
Production 


The continuing importance of natural rubber is shown 
by the fact that 600,000 long tons are imported into 
the United States annually. Considerable increases in 
yield resulted from direct field experiments, and addt- 
tional increases may be expected from studies in the 
laboratories of the United States Rubber Company. 
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S }? ( ( ) nyu Re ( 


; + 


Rubber is one of the world’s important search Center operates directly in support 
crops, With 10,000,000 acres 1 nder cultiva- of the Company’s plantations in Indo- 
tion. The cooperative selection program nesia and Malaya These plantations, 
earried on by the world’s rubber- with 87,000 acres ictually planted, were 
producing countries for developing high- established in 1910 and are still opera- 
vield clones has constituted one of his- ting, with great suecess. The plantation 
tory’s large st international cooperative venture was undertaken as a mechanism 
endeavors The many technica develop- ol protecting the Company's raw ma- 
ments incorporated into modern planta- terials position 
tion practices make successful rubber- The natural oecurrence of rubber in 
growing one Ol the most complex Ol plants made possible man’s venture into 
agricultural endeavors and sets it aside rubber technology. An abundant devel- 
as a development most deeply indebted opment of rubber in Hevea brasiliensis 
to the botanical sciences (1). Recogni- was a particularly important factor in 
tion was given to the continuing impor- the initiation of technical development 
tance of natural rubber development at This tree is the original source of rubber 
the recently completed modern Research and has remained the only plant capable 
Center of the United States Rubber Com- ol supplying rubber abundantly enough 


pany at Wayne, N.J. In order to study to support the world’s growing demand 
the mineral nutrition of the natural rub- Strangely enough, rubber, which serves 
ber tree, Hevea brasiliensis, and to in- man so well, has no definitely known 
vestigate other means of improving the function in plants 
growth, health and yield of this remark- Rubber is present in many plants in 
able plant species, a greenhouse was in- as high or higher levels than in Hevea 
cluded at the Research Center along with — brasiliensis, but no other plant has made 
a 2,000,000-volt Van de Graaff accelera- its supply sufficiently available to man 
tor and other ultra-modern laboratory to be of benefit to civilization. Hevea 
equipment rubber comes from the latex vessel Sys- 
Investigations of rubber culture have tem Just under the outer bark The tree 
led to over ten-fold yield increases from can be effectively tapped by the shallow, 
the earliest plantation date to present diagonal cut devised by H. N. Ridley, 
time and continue to promise further Plant Scientist working in Malaya at 


benefit. The new greenhouse at the Re- the beginning of t 


ie century. Skillful 
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1 tree, the liquid rubber is collected. The collect- 


tapping 
Rubber Co. plantation in Malaya 


Two to four hours after 
United States 


ing buckets are empty kerosene tins 
panels, without 


lays In li, circumference 
There 


( 
te 


vield depression or tree damage 


tapping leaves the cambium layer unin- 


jured so that bark regenerates for future 
tapping. Tapping can be progressively — is actually : 
alternate in yield, after 


a tapping response, or increase 
repeated down the trunk on ‘a brief period of tapping 
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rubber industry was based en- 
on natural rubber lor over a cen- 
hetie products now 
market 

rubber synthet 
were inspired by natural rubber 
man would not have developed 
need for them without the contribu- 
natural rubber. Synthetie prod- 
. 65% of United States con- 
tion and 35° of world consumption 
rubber production has stabilized 
at 1.900.000 lone tons per year By 1960. 
synthetic rubber production will be 
slightly above natural rubber production, 


ta moqderat tabi ] Most 


natura 


( mManu- 


rubber continues 


is Was 

initiation 

nendous benefits 

ave icecrued trom ltant technical 

developments Early plantation vields 
were about 300 pounds per acre 

vears: but cultural advances improved 
fertilizer practices, and the sel 


improved anting materials have ad- 


| I i 
vanced pr ak yields to about 2,000 pounds 


per acre per year lor new planting opera- 
tions. Developments in progress promist 
to bring peak yields to possibly 3,000 
pounds per acre in ar future. Peak 
vields occur at 12 15 years of age. 
\ tree starts bearing at five to seven 
vears of age and is usually replaced with 
younger and more productive stock at 25 
vears of ag 


( 

Karly experiments at the United States 
tubber Company plantations demon- 
strated that nitrogenous fertilizers would 
give large growth and Vit ld lprove- 
ments (2). The publication of this work 
led to the use of nitrogen treatments on 
progressive plantations Most other fer- 


tilizers were ineffective in early studies. 
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Continued use of nitrogen on pl 


antations 


led to a condition where nitrogen com- 


monly failed to bring about normal re- 


sponse in recent cheek experiments 
Continued use of nitrogen has thus pro- 
duced the normal effect of severely de- 


pleting other elements. Simultaneously, 
mineral nutrition studies at 


states Rul 


, 
tiie 


United 


»ber Company greenhouse have 


oe 


° 


: oe 7 


Fic. 3. Nutrient solutions are maintained in 
of algae in the solutions 
revealed (3) that the Hevea tree. like 


most plants, requires a complete nutri- 


ent supply for optimum development. 


Nitrogen, phosphate, potassium and mag- 


nesilum are required at relatively high 


levels while calcium and sulfur suffice at 


very low le vels 


\ very high level of iron and a mod- 


erate level of manganese 1 


required for 


Vigorous growth and deep green color 


BOTANY 


development Che other minor clements, 


zinc, boron, copper and molybdenum, 
re essential but only at very low levels 
and do not appear to IMMpOse SCTlOUS 
deficiency threats The high ion and 
manganese requirements are accompa- 


acidity demand 
pH 


ilorosis is primarily du 


nied by a high soil 
Chlorosis deve soils above 


Ops on 


this el 


neoprene-coated containers to prevent growth 


to immobilization of iron. Recent ex- 
periments at the new greenhouse have 
demonstrated that organic chelating 


agents are effective for imparting normal 


growth and 


at unfavorable 
pH levels and for improving growth at 
optimum pH conditions These 
are undergoing further tests 
rubber culture 


Analytical work (3, 


appearance 


agents 


as aids to 


5) has indicated 


DEVELOPMENTS IN NATI 
that the cation contents Ol rub iC] leaves 
are useful indicators of soil fertility 


Field studies carried out in conjunction 


Research Center studies have 


serious potasslum shortage 


+ 


is shown by a leaf content of less than 


|! potassium (1! IK) Magnesium 
deficieney is indicated below 0.2% Me 


High 


calcium depress potassium uptake 


fertilitv levels of magnesium 0} 


Whit 
lavel { 
gh eves Ol 


potassium ind CaiclumMm ae- 


magnesium uptake, and finally, 


] 


igh levels of magnesium and potassium 


t 


reduce calcium uptake It is Importan 


to mamtain fertility conditions that 


As- 


sure adequate potassium and magnesium 


in the tree 
Other research activities promise much 
benefit to rubber culture linprovements 


in Marecotting techmies have been made 
high-vield- 
yi ( stock 


seed- 


Progre ssive estates bud-gratt 


ing clones on seedling stock 


is known to affect vik ld, and select 


lings are utilized Development of a 


practical vegetative rooting procedure 1s 


certain to lead quickly to yield improve- 


ment through supplying better stocks 
Root diseases are the most serious of 
maladies at the major rubber-growing 
areas, and development of éuttings would 


| 
accelerate scliection ol resistant stock 


Hormones have been tested extensively 


for possible growth promotion effeets, and 
preliminary evaluation is given to new 
pesticides 


\ very 


application of plant 


important and very unusual 
hormones has ce 


rubber production 
indications of stimulation o 


\ loned atural 
eloped mm natural 


Karly latex 
Rubber 
Malava This Nis 


been developed to the position 


flow were reported (4) at the 
Research Institute of 
where 
progressive estates are applying a 1% to 
2% 2,4-D 


scraped bark, 2 or 3 


solution of just below. the 


tapping cut, on 
times a year \ vield increase of 20° 
to 830% normally results, without damage 
trees 


to the Many irritating and toxie 


substances produce similar effects, but 
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the cause Of increased latex Tow is not 
heen explained Methods of investiga- 
tion with isotopically-tagged 24-D ar 
eurrently being developed ut sche new 


study of the uptake ol 
elements 


from nutrient solutions and the distribu- 


t1i0n oO these isotopes in the plant 1s 


being undertaken at 


present An 


nv 
Inves- 


tigation is also being initiated on the 
uptake Ol thes lsotopes lrom soil COol- 
loids shipped Irom rubbet plantations 


Comparisons of nutrient solution dat 
and soil colloid data will determine t 


Importance of fixation of nutrient ele- 


ments bv the soil colloids The final 
phase ol us project, altel experimental 


] 


techniques have been Well developed, 


will be a study of nutrient isotope avail- 


Ma avan eCs- 


being readied 


ability on Indonesian ind 
Tracers are “also 
lor gathering turther intormation on ( 


mechanism of rubber formation from 


simple organi yrecursors 
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rubber tree presents many fasci- 
and complex problems that ean be 


investigated to best advantage ata lara 
research center of the type surrounding 


tne tropical creenhoust Trained tech- 


nologists and elaborate equipment are 


available to use as required to meet these 


rhe steady 


increases 


comp ex proble lis 


in rubber vields accruing from funda- 


mental investigations ; 


l 


studied by man has been more 


sive To ¢: 11 ‘hnieal considera 
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licorice plant 


Licorice. foots of the 

hiza q 1), a perennial Jegume 
heorice extract Spain, 
Turkey, Syria, Iran 


- 
Black sea are 


source of 
Crreece, 
a (Volga 
Manchuria are principal 
Washed and coarsel 
hoiling water, 
The 


porated 


ind 


growing regions ground 


heorice roots are ete | 1! 


sometimes under extract 


pressure 
then eva 


filtered or decanted, 


moisture conten ol bor ind 
molded into blocks ( 
Ture Is ( 


Asia Minor 
ind France 


Licorice 
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producing properties 
re extinguishers he 
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the Unit 
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irettes 
ing tobacco, 


tobacco 


even > itl il ole i 0 
ind characteristic flavor 


nd 
Wparts 
lal mildness of a mixture 
the 


drinks 


ind also enhances the 


heer increases foaminess of 


Licories In 
such is root 
ulded for 


i brown 


the beverage In other 


heer. porte! ind 
Licories 


eooring matter! 


Licorice | 


stout. licorice Is 
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tract 
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The Puerto Riean Chironja— New All-Purpose 
Citrus Fruit 


The chironja, an apparent natural cross of grapefruit 
and orange, combines the flavors and other highly desir- 
able characteristics of both parents, offering vast new 
possibilities for development, both for fresh market and 
industrial purposes. 


CARLOS G. MOSCOSO ! 


The chironja, a new member of the preparation wit 
citrus family, recently found growing chironja may be peeled 


wild in the mountains of Puerto Rico, in sections like a tangerine 
has aroused widespre ad interest of citrus which has no unple asant 
growers and researchers during The past t utilized for hnarma 


vear peel. This fruit may al be squeezed 


The name “chironja (pronounced for juice like an orange, the juice of one 


t 


cheer-own-ha) was given to the fruit average chironja vielding the equi, ilent 
shortly after its discovery in 1956. Chir- 2 or 3 Valencia oranges It is easy 
onja is a combination of the first sylla- to squeeze by hand 
ble of the Puerto Rican word china, Although researc! 

, - 4s 


meaning orange, and the last two svl- Stlil in the 


lables of the Spanish word toronja Chil Irult 
l 


pot! 


0 


meaning grapefruit future development 
This new fruit, apparently a natural ket and industrial purposes 
cross between the orange and grapefruit 


combines highly desirable characteristics 


Origin and History 


of both parents. It usually approxi My first observation of the ehi 
mates the average grapefruit in size, al- occurred in November, 1956, whil 


though some larger specimens have been in charge of the Citrus Marketing 
observed When ripe, the inner JuIey ‘t at the Agricultural Experi 


pulp is orange in color, and the outer | the University of 


++ 


rind becomes a bright, @iossy vellow ) project, we were attempting 


The flavor of the fruit is a tantalizing coordinate economic, horticultural, 


combination of both the grapetruit ind agronomical research in orae Oo 
orange, without tl bitterness of the for- at close range the faults in tl 
mer or the acidity of the latter citrus marketing system, wit] 

I have called the chironja the “ improve it. We made many field trips 
Purpose Citrus Fruit” because into the interior coffee zone of Puerto 
many uses. It may be cut in half and Rico to interview citrus growers and te 


eaten like a grapefruit, with the advan- look for new and promising va 
tage of no necessary addition of sugar citrus among the thousands 
orange seedlings growing wild 
1 Horticulturist, Specialist i 
area 
tural Extension Service f ; 
Puerto Rico in cooperation wi It was on one of these field 


States Department of Agriculture companied by project co-leade rs 


SS ECONOMIC 
Pedraza and José A. Olivieri, that I firs 
hserved the tree, now known as th 
Puerto Riean chironja, growing wild in 


the Angeles and Caguanas rural section 


Ol the Utuado, Puerto 


municipality of 


Rico It 


, 121 
snould be t! { 


remembered that the 


bulk of the Puerto Rican orange crop 
is produced in this mountainous coffec 
zone of the island. The farmer utilizes 
orange and some grapelrult trees as shad 
10! his coftes trees The eCitrus Crop 1s oO 
secondary importance usually, and n 
es the trees are growling 1n 
erviewll One ¢ e larmers 
ovel Is orenhnara | Was lll- 
witli Tie Lppe rance ot one in- 
roe robust tre det Wi 
right yellow fruit Chis 
quite different 1n appearance 
surroundain ings 


fF common Ol! 


ind grapefruit trees. Upon tasting the 
ruit I was amazed to discover that her 
vas a delicious combination of both or- 


rapefruit flavors. It seemed 


ature had combined the best 


parents to proauce a new 


and delectable citrus delicacy 


When I questioned the farmer on whose 


land the tree was found growing, I was 


] 


surprised to learn that this particular 


tree and several others erowlng on ne arby 


Iarms were all propagated Irom seed 


ky ientiv the tew larmers who POSSeSst d 


these unusual trees had never marketed 


any ol this fruit on a commercial seale, 
but rather, in view 


and 


of its superior flavor 


keeping qualities, had preferred to 


harvest the crop only for the consump- 


ion of their immediate families I was 


? ; +} 
Olt thi 


small 


OCCas1ONAally 
fruit had 

r latively 

demand of a few loca 


On 


quantities 


ol the been sold locally at 


high prices in response to the 
consumers 

this occasion, and on subsequent 
trips to the area, I brought back propa- 


making 


| rt ported mv observa- 


gating material 10! graits and 


some seed 


Mi 


also 


tions to 


Arturo Roque, our Experi- 


BOTANY 

ment Station Director, and to Dr. B. G. 
Capo. our Associate Director for Re- 
seare] They were interested 1 my ob- 


servations, 1957 we cle cided 


and early in 


to initiate propagation Of this new lrult 
lor experimental purposes 
We have not yet arrived at definit 


conclusions concerning the origin otf the 


Puerto Rican chironja Apparently some 


Oo! these trees have orowlng 1n 


Pur rto 


unknown to 


iso- 
zone ol 
number of vears 
Wi 


larmers 


Jam 
Rico 1o! 


1} , 
the pubic have interviewed a large 


number of in the region where 


Nove mie - 


are manv conflicting 


T —— 1 +] P 
i first observed the rees 1n 


1956, and there un- 


confirmed stories as to the omgin ot the 
trees However, all reports coincide in 
ne important detail, and that is that the 
trees were propagated Irom seed 


We nave 


periment 


corresponded with citrus Ex- 


Stations in the continental 


United States and many other citrus pro- 


ducing areas throughout the world; and 


we have consult able botanical 


relerences In an ascertain 


whether or not this fruit has been re- 


ported or described previously. To date, 


there is no record indicating that such a 
fruit has eve 


been officially reported or 


deseribed in the literature 


Puerto Rican chironya 


he- 


result- 


Evidently thi 


is the result of a spontaneous cross 


tween the orange and grapefruit 


Ing apparently in a new member of the 
citrus family We have propagated a 
large number of these trees from seed 


at the Corozal and Lajas Substations of 


thie University ol Puerto Rico lo! the 


any changes 1n 
In over 100 


have observe d =O 


purpose of determining 


characteristics ol the fruit 


seedling trees which | 
far. all have been true-to-type tor the 


characteristics of the chironja In no 


instance has the fruit reverted to either 


orange or grapefruit. Although in some 


cases there is a slight variation in size 


and shape of the fruit when propagated 
bv seed. the 


flavor and other character- 


Mia. 1 (Upper). Chironja may be cut in half and eaten like a grapefruit 
No preparation with grapefruit knife necessary 

Fic. 2 (Lower) The chironja may be peeled ind eaten in tions like 
peels easily and is not sticky. The rind may be used for marm ) 
Is ho unpleasant bitterness 


ECONOMIC 


echironja remain constant 


ht variation in size and shape ot 


fruit within this type of citrus is com- 


parable to similar variations in seedling 
oranges and grapefruits 

Questions have arisen as to the possl- 
the Puerto Rican chir- 


red 


(cross 


similarity of 


ble 
hybrids referred to in 
he- 


nensis 


and those 


he literature as ‘orangelo”’ 


tween the sweet orange Cilrus s 


and the grapetrult Citrus paradisi), and 


{rus 


tangerine 


XC, 


grapetrult ) 


angelo’’, (¢ paradis cross 
and 


\ close 


hybrids 


study of the descriptions of thes 
with the chir- 


and comparison 


onja reveal some interesting simila 


but on the other hand, too many 
ences in characteristics exist to 
this new fruit as a iriety oO! @1 
These 


We 


ling 


hybrids 


have now observed enough 


SCCU- 
to establis| the pre 


that the 


trees liminary 


conclusion seed he Puerto 


Rican chironja is true to type. This 


characteristic and peculiar 


certain otne! 
characteristics of 


that the 


the truit, plus the fact 
recorded 
that the 
type ol 


fruit has never been 


previously, believe 
} 


chironja is new and different 


citrus. 
Similai hybrids ave been observed in 
but 


other islands, none of 


Caribbean 
these fruits so far presents exactly the 
same char: as the Puerto Rican 
to the 


| mvselt observed a 


icTeristics 
During a 
Haiti, 


citrus fruit which presented 


ehironja recent visit 
Republic ol 
some charac- 


How- 


comparison Ol 


tics similar to the chironja 
the 
of the two fruits, I found 
The Haitian 


different in 


characteristics 
certain obvious differences 


Iruit 


Was Maller in s1Ze, 


shape and not observe 


In any mstance the vellow color 


of the ripe chironja 
Another 


tioned is the 


which should be men- 
This 


has been produced in the island of 


hybrid 


“ 13°) 
Jamaican ugil 


Jamaica for many vears I have con- 


BOTANY 


sulted a number and authori- 


ties who have h: he opportunity to 


observe and taste h the ugli and the 


} 


ehironjya, ana 


then opinion 1s that these 


are two different hybrids. This opinion 


is substantiated upon comparison of the 


characteristics of the chironja with the 


ugli as given in Citrus 
1948 


description of the 


Vol 


Industry 


Preliminary Description of the Puerto 
Rican Chironja * 
Th 


fruit which appears to be a natural cross 


Puerto Rican chironja is a citrus 


between an orange and a grapefruit. It 


undoubtedly aie velops 


nucellar 


if any 


; Irom a 
embryo becaust there 1s very 
difference between the parent and the 
Inany seecinegs 

Itisa 
in partial shade 
that 
had the 


large columnar tree when grown 
trees 
full 


rounded growt h of 


but several eXx- 


amined were growing 1n sun- 


typical 
he orange grapefruit 
the 


water shoots, produced slender to rather 


Some young 


tWigs, and fast-growing 


especially 


stout thorns which are much like those 


of a young seedling grapefruit 


The leaves are similar to those of the 


grapelruit in having a similar aroma 


bruised, 


when the deep green color, the 


heavy, thick texture, and the prominent 


They 


they 


wing on the pe tiole of most leaves 


differ from the grapefruit in that 


are noticeably deformed and irregularly 
undulated on apparently healthy trees 
leaves shorter 


The large are somewhat 


and wider, concave, and slightly arched 

The fruits are usually borne singly on 
the ends of branches and compare 1n siz 
grapetruit 


with the The shape is clo- 


hose to pyriform and somewhat obloid 
The base or stem end is very slightly to 
The 


lur- 


prominently collared and depressed 
shoulder is longitudinally 


collar oO! 


- This description was prepared through the 
Mr. Rov Woodbury 


mist, University of Puerto Rico 


laxono- 
Agricultural 


cooperation ol 


kxperiment Station 


THE PUERTO RICAN CHIRONJA 9] 


Fic. 3. Mrs. Carlos G. Moscoso squeezes king-sized chironja from which she obtained one 
full glass of juice 
rowed oO! ridged The ap Xx hy is a verv rind is much like the grape fruit in aroma. 
small stylar scar surrounded by a promi- but with a much more pleasing appear- 
nent gray to tan area approximately ance It has a radiant vellow color 


one-half inch in diameter. The outer which is usually unblemished by rust or 


ECONOMIC 


The inner white pulp or rind does 
| 1 the 


l grape- 


sweetness 


medium soitness, 


inconspicuous vascular bundles, and 


separates ¢ Irom tiie 


| asiuy 


segments 


lible portion ol the fruit 


nine t 


even very larg 


ta or thin covering ol ¢ 


ach 
’ , 

rand may be 

tnout 

The clear, mild-flavored, sweet 

is contained within very 


Vellow-orange 


mild-flavored 


} 
Phe 


acid no 


juice, 


bitter, has a very 


which is a combination of 
] a1 t re 


iavors 


both orange and grapefruit f 


bitterness 
Immature fruit 
ba | eds 


From a scientific standpoint it 


appes 


that this new type ol citrus cannot 


Classified either as an orange or as a 


grapefruit. It presents marked charac- 


both pi its, appear- 
the I] 


ance ol tree 


ne Trult 


nre- 


I wish to emphasize Fe hi sa} 


the Cl 


and 


liminary Nronja 


aesceription 


based on observations findings up 


t This is a new fruit, still under 


As 


gresses, more specific measurements an 


nid 


s) date 


study research on the 


fruit pro- 


more detail concerning characteristics 


will be reported In technica 


publications 


Present Work and Future Outlook 


since the chironja is a very recent 
finding, been don 


1957 


no research work had 
February, 


Upon obtaining grafting material and 


seeds to initiate with this 


experiments 


fruit, 290 grafts were made at the Tru- 


jillo Alto substation of the Agricultural 


BOTANY 


Experiment Station at the 


Puerto Rico 


University of 
Seeds were planted at the 
Rio Piedras Main Station to obtain new 


ings for 


QO studies on the eCHAVION OT 


the progenies and 10! sel adesir- 


able typ s 
Mare] B 
“selection 

Fruit 


Purpose a? 


1957, the Chironja Pro- 
Production of the 


Fresh Market 


uthorized by 


and 


( h and 


ronia 
Industrial 


thie Director Ol the Eexperi- 


ment St 


versitv of Puerto 


vear, over 300 more gratts 


using different root stocks 


one-acre Chironjya orenarads were 


1957 at ft 


) study 


substations 


the lect ol 


soil ina limatie conditions 


different 


these different root stocks 


using 


, 1 . , , 
I was able to make three initial selec- 


tions of the chironja among the trees 


found growing wild in the western 


Puerto 


may 
PQs a 


cen- 

‘hese selec- 
T-1 
productivity), Chironja B-1 
late-yielding purposes), 


(lor appearance, 
and 


and Chir- 


(ior g¢g ral appearance and 
if superio1 
| 


fruit will 


be made and propagated and if results 


merit new varieties possibly be 


AY 
developed by breeding in the future 

being 
the 
vield, 


Wi 


ar- 


Preliminary observations are 


made to record characteristics of 


fruits, quality progenies, 


and blooming and fruiting periods 


have already observed that some \ 


leties OL chironja bear off-season fruit 


In several earlier-bearing varieties, the 


fruit mav hang on the tree for an ex- 


e ptional \ long ye riod without spoiling 


General morphology studies will be made 


of the progeny trees, noting any varia- 


tion tendencies and stability of types 


Observations of the original parent 


trees will be made, noting periods of 


blooming, fruiting, and harvest; 


uniformity as to 


The 


and quality of fruit: 


shape, size and flavor of the 


lruit 


THE PUERTO 


data obtained from these observations 


ll be 


thie 


Wl used as a basis for comparison 


of fruit cde veloped bv selection and 


possible breeding in the future 
In 
already made, more grafts from the par- 


made, different 


addition to the hundreds of gratts 


ent trees will be 


using 


root stocks Studv and observation of 


TORONJA “MARSH SEEDLE: 


Fic 


Seedless 


left to right 
ind Valencia orange 


study 


4 (Upper). From 
chironja 
From 


Cross section 


ind the 


Lower) 


the « 


Fic. 5 


grapefruit hironja Valencia orange 


these will be made, noting gen- 


eral behavior, yield and quality of fruit 


vraits 


Observations are being recorded of the 


progeny seedling trees grown from the 
seeds of the parent trees at the Corozal 
In all of these studies and 
observations the following will 


be of especial interest to citrus grow- 


Substation. 
points 


ers everywhere: 1. habit of growth, vigor, 


RI 


showing 


AN CHIRONJA 

development of 

first blooming and fruiting; 3. quality of 
first fruit; 4 


} 


ana 


pr riod ol blooming, lrulting 
harvesting; 5. vield; 6 quality ot 
including 


texture, 


mature bearing trees, 


lruit 


the 


In 


shape, Color, s1Ze, 


structure, flavor, uniformity, 


lactors Ol 


number of 


seeds, keeping qualities, suitabil 101 


ity 


CHINA VALENCIA 


CHINA VALENCIA 


Marsh 


chiron 


comparison of the Red Blush 


canning and other and chem- 
ical analysis of vitamin content 
All progeny fruit will be compared with 


I’xperiments have 


processing, 


fruit of parent trees 
initiated with different 
and cultural methods to observe effect on 
quality and yield of the fruit, noting 
especially the effects of fertilizers, pru- 
ning, From 


been treatments 


insecticides and fungicides. 


94 ECONOMIC BOTANY 
i commercial standpoint the chironja inquiry from interested individuals from 
offers the advantage of utilization in at all parts of the world Small farmers, 
east three lifferent w iVs by fresh mar- arge citrus growers, nursenes, commer- 
ket consumers Its ugh productivity Clai processing plants and researche rs 
delicious and distinctive new flavor, ex- are constantly requesting seed and more 
cellent keeping qualities, and natura information concerning this new fruit 
ittractive appearance without the use ol Up to the present time we have been 
COLO! vdditives re other factors in its ible to give out only limited ntorma- 
favo Forthcoming experiments will tion on the fruit, since research is still 
demonstrate its suitability for canning in the early stages of development Phe 
and other processing Agricultural Experiment Station of the 
In a recent small-scale market tria University of Puerto Rico has not been 
| 9 "37 +7 : , 11 : 
approximately 000 ripe chironjas were able to furnish propagating material of 
hyy oht . y } 2 t *s fa } 1 1 } } . 
rought from Mr. Gil Boneta farm Im the chironja, due to the scarcity of this 
Jar ‘agus Ttuado ‘ at } | "tes 
Barrio Caguana, | uado, P. R., to b material, even lor experimental purposes 
sold at a si Ss] alt erocel stor , er ’ , 
nities nado ee ee However, it is hoped that some seed and 
il t litan San Juar he echironjas See 1 ¢ 
In metropoll n we lan | ( l i possibly budwood for grafting and some 
were offered for sale at a price of 2 for , , 
. seedling trees may become available for 
25¢ starting at 9 A.M., without any pre- . ws 
:; - fans distribution by 1960 
vious advertising All the fruit was sold ‘ 
. : several newspaper and magazine arti- 
by 11:00 A.M. and early customers, in- i ; . 
; cles have been published in Puerto Rico 
ciuding Many tourists, were coming Dack : , : 
' the United States and South America 
asking for more chiron)as ‘ a 
‘oncerning tl ‘commercial possibilities 
Interest in this new fruit continues to COncerming the commercia! possihimi 
= f hic n12¢ T} { | vo { h » +O 
orTOW Since publication of the first offi- Or th iru Phe finding of the Puert 
. ) ‘ 1 1 > vas } } 7 ‘ " hy } . ‘ 
cial release Of information on the chir- Rican chironja may open the door to a 


onjia by the University of Puerto Rico new field of research in citrus Truits an 
Agricultural Experiment Station in 1957, new and profitable developments for the 


we have received hundreds of letters of citrus industry 


ha red 


Tarahumar Fish Stupefaction Plants 


Fish stupefaction is practised throughout the year among the Tara 
humar of Western Chihuahua, Mexico, but is especially important 
between March and June, when food reserves are low. In the areas 
occupied by these people, plants from 13 different families of 
flowering plants provide either piscicidal or stupefaction properties. 
The method of use, stupefying principle, parts employed, and 
potency of the individual plants are quite variable. 


CAMPBELL W. PENNINGTON ! 


The Tarahuma i 1 semil-nomadi 

agricul ir: peop who oecupy 
bart é ] western ( 
bsistence ] derived rock structure 

, , , , 
chiefly from cul 1 plant products ow s 
and collected wild sh stupefac- 
tion 1s Import heir economy dur- 


ing the entire vear, especially between 


March and June, when food reserves faction among 


he preceding ars crops have 1! n account 


t 
been depleted and ild plants used “as rl . Fermin ce 


Irom Wl 


; 


ood have not vet sprouted or fruited { ld sf ] 
Stupefaction is apparently most 


lent today In th areas where 

humar are least affected by outside con- : | barbaseo 

act l lan claimed 
Mixing of toxie substances in. sti armful to pregnant domestic 
is achieved by as I] 


y 


itation | especially the cows when tney 
water with a stick coincident with the r, even when they dranl 
sertion of poison-bearing material, or downstream from wher 
crushed plant material is placed in a used. Cows died he ] 
basket which is doused in the ater. mares only had miscarriages! 


Commonly, for stupefaction quent Investig 


ators or tr: 


moving water, great masses ot crus! Schwatka (19), Lumholtz (1: 
materials are dumped into the stream. (12), Basauri (1), Bennett 
During the rainy seasons, rivers and and Gajdusek (9) have 
streams of western Chihuahua are swift lmnportance ol plants as 
and turbulent, but except at high water 

; Liliaceae 
periods there are pools wher stupe- 


faction of fish is easily accomplished Siriki (Yueca decimens Trel.) is rat 


Where ater is moving too rapidly fon in eastern and southwestern Tarahumar 

country, but plentiful in the northwest, 

l SSISI ro SSo! ) reograp Vel . ] l : 

\ssi int Profe of Geography, Univ in canyons and on upper slopes, where it 
sity of Utah. Grateful acknowledgment. is 


made to David Brambilla, S.J ol Norogachi 
7 , > , 1] 
who shared generously his knowledge ol Tar i- ro ky, sunny exposures Roots and leaves 


i 


is associated with serub vegetation on 


humar material culture are crushed on a stone and dumped into 


ECONOMIC 


nools oO! slowly moving watel \ lares 
quantity o s materia s require 

Cl Ww: Cl ls 0) hey 

Schwatka (19) commented that { 

irahumar “build dams in the mountain 
streams and poison the fis that collect 

erein W a deadly plant the Mexicans 
call ‘palmilla’, securing everything, fin- 
gerlings and a Identification of this 
Mind i = Mpossilhile hut it probably 
ioes no reve} 0 I 1; 17¢ \\ c} l= 
generally known as maguey or mes- 
( in northern Mexico. Reference may 
« O a species O ) Ceca ol Votina Ol 
Yucca decipiens Tre Dasylirion duran- 
yense Tre and Dasylirion wheeleri S 
Wats. are known by Mexicans in wester 
{ hihuanua is yall iin i soto 
ind by Tarahumar as siriki. Nolina 
IHTrAandgenseé | Ie ind \ nan ata pe nSIS 
Wiggins, which are not unlike yuecas in 
appearance are know! wnong Mexi ins 
as palmilla and among Tarahumar as 
curu 

The writer knows of no specific toxic 
substances that has been demonstrated 
lo! } cca dec pte Tre but Various 


UKAIOIGS and Ziucosides 


in yueeas from southwestern United 


States and northwestern Mexico (22), 
na ¢( ] 


ind heney (4) has stated that a stem 


and leaf extract of Yucca glauca 


as been used as a source o 


id Mexico 


SITIK] are a Tay 


arrow-tip 


Arizona al 


poison 1n 
Don f 
Processed roots ol 


food among the Tarahumar, 


and sapona- 


ceous qualities of the roots are appreci- 


ited by Indians and Mexicans 
Amaryllidaceae 
schottii Engelm 


lechuguilla Torr., and an unidentified 


Soko (Agave Lqave 


Agave), which is re: ly available al- 
western 


and 


most everywhere in Chihuahua 


: 
except in meadows pine-clad up- 


An- 


bovicornuta Ge ntryv), 


lands, is widely used as a piscicide. 
Agave (A. 


appare ntly 


ote! 


limited to middle western 


canyon slopes in Tarahumat 


BOTANY 


country, 1s 


iisO used Hearts, leaves and roots from 


ese plants are crushed and thrown into 
pools or slowly moving water. Piles of 


used bast are seen in and along stream 


eds Ol Western 


nd south-eastern Tara- 


humar country today, particularly in 
\pril and May 

(One or more oti t 
\caves 
(13) in connection with fish stupefaction 


He 


nese plants must be 


unong mentioned by Lumholtz 


reported that ‘“‘when fishing is to be 


done on a somewhat extensive scale, two 
species OL agave the amole (the soap 
plant) and the soke [soko ?|—are used” 
He also noted that plant leaves were 


pounded with stones and trampled upon 


by men “to make the juice come out” 
This was effective for some 


piscice1de 


three hundred vards downstream 


day, several crushed hearts and roots or 
ten or fifteen larg eaves obtained in 
the spring provide enough toxie sub- 


stance to stupely fish for more than 


} 


three hundred yards downstream, if thi 


water is not moving swiftly Carlos 


Basauri (1) a an amole used 


so re ports 


as a piscielde 


Although little is known of toxie prin- 


ciples in these plants recent studies have 


rated traces Ol sapogenins 1n 


species oO} {gave and specine 


traces of gitogenin and tigogenin have 
been isolated from Agave schottu En- 
gelm. (21) Muenscher (15) records a 
toxic substance In lgave lechuquilla Tort 


Caustic properties ol Agave bovicornuta 


Gentry are well known to Tarahumar 


who live on middle slopes ol western 


canyons Kxerescence from leaves is 
used on sores, and repeated applications 
up 
these piscicides 
fact that 
as food, mescal, they are 
baking 
schotti 


Torr 


dry festering sores Toxie 


properties ol are also 


attested to by the when used 
; processed by 
Saponaceous qualities of Agave 


le chuquilla 


are employed in washing blankets 


Engelm. and Agave 


rARAHUMAR FISH STI 


Iridaceae 
Sa’pari or sa’pariki (Sisyrinchium a 
zonicum Rothr.) grows thinly under 
| Nara- 


and dump d 


b pine 
in uplands near Sitenapuchi an 
Roots crushed 

It 
piscicide is not effect 


No data 


precise toxie substance in sa’pari, but 


are 


into pools ol wate! is claimed that 


t! Ive in running 


water are available on the 


+} 
Iie 


iris family is well known for its ac 


phy siological constituents, 


slucosides 
Juglandaceae 


(ne widely 


aiong wa courses 1n West 


in uplands 
Enge lm.) 


hua, except 


prope rs. 


(Jugqlans rupestris 


voung leaves and bark are crushed 


thrown into streams, or, material 1s 


in a basket which is sloshed about 


Leafing of this tree comes at a 


DOotLS 


time when food supphes becoming 


, , \ , 
scarce, and tne leaves 1 DArK are 


much used as a piscicide 


Hicoriaceae 


Another laéi? (¢ illinoensis 


(Wang.) 
to at 
] 


watered 


arua 


K. Koch), a pecan that 


STOWS 
wi |. 


4 ] 
LOoUtnlil 


heights along streams in 


ort 


ravines in the eastern 
region, supplies leaves and bark used in 
fish stupefaction. Young leaves are bun- 
dled, crushed and thrown into pools Ol 
water. 


slowly moving 


Polygonaceae 


An aquatic and land plant, korisowa 


(Polygonum punctatum Ell.) that is 
found growing rankly near Norogachi and 
Sitenapuchi, is important 


\ great quantity of this plant is bundled, 


an piseiclda 


crushed and dumped into a large basket 


which is slowly of 
turns 


dipped in and 


until 


out 
water the 


Fish 


pools Ol water 


green rise to the surface almost 
2 The 


that 


Tarahumar this 


be in edible 


ipphes term to 


tree irs nut 


PEFACTION PLANTS Q7 


AC 


immediately Specifie toxic tances 
? 


Po 


? ! ree 
eporte 


not been determined fc ygqonu 
Kll., 


dermatitis 


nave 


punctatun Dut it 1s oO 
COlUsE (15) 


Yet Polyaqo im, 


(P. pennsylvanicum ie 


anothe I 


more widely distributed 


huahua than Polygonun 


I + . ‘ ‘ ‘ ‘ 
Ifficaey of watonaka as a 


flected in Mexican nam 
precisely 


toxic substance in 


pe scado Is used 


Phe 


) 
UNKNOWN, 


SOWR 


but 1t 18 known T 


itis and photosensitization, 


(fungus infections) on tl 


very irritating to the skin 


ol these plants must be 


qonum mentiones by Lumholt 


} 
l 
t pisecicide used bv 


int Was “pounded 


upland humar 


stones 


thrown mnto the sma 


woara 


” punctatu 


piquancy to esquiate, 


among the 7 


1ood 


per-like quality of 


name, Korisowa, 


term ior ¢c 


lal 


an (( aps 


Mun 


Rosaceae 
supply- 


AYE X1C0 


i Cul- 


icaves 


uplands 


ende! bun- 


crusned wit wooden 
ie and dumped nt pools 


moving water. Great 


quanti 
led. Tl 
are undoubtedly cyanogenic glu- 


cosides, for bark, ] 


ne Toxic ¢ le ments 


] 
material are nee 


involved 
eaves and seeds of this 


upon hydrolysis, | 
(20) 


tree, lelded such 


mave y 


elements 


ECONOMIC 


usabi is used in 


A small 


preparation ol 


amount ol 
a tea taken for whooping 
claimed to 
Utilization 


cough, ana young leaves are 


give piquancy to esquiate 


of small amounts of leaves as a condi- 
medicinal 
that, the 


be, it is not harmful in small 


and in a 
whatever 


ment preparation 


TOXIC ¢ le- 


suggests 


ment may 


amounts. Practical experience must have 


demonstrated that large amounts of the 


are required for fish stupefac- 


turusi (Prunus per- 
an introduced tree 
(Purshia tridentata 
| crushed and 


Young 


claimed to bye 


(Pursh) DC.) are bund 


into pools watel 
¢a’gunari are 
up skin infections 


In drying uj 
Leguminosae 
Naw é or 


carpa Gray), which 


{ T¢ phrosia 


nawéke 


grows In shady ra- 


vines in uplands between Sitenapuchi 


ind Pawiciki, has a root which is 


arge 


crushed and mixed with sand in a basket 


‘his basket ls | about in pools 


S10sh 


a short time. This plant is probably 


arleton Gajdusek was 


Norogachi in 


naweé which ¢ 
told of when he 
1953 (9) 
Althoug! 


used 1m si 


Various species ol Teph Ostia 


stupelaction over tit 


we know little of their toxie prop- 


However, tephrosal and tephro- 


Ave been isolated Irom 


(16) 


Tephrosia vogel 


one sp C1Cs 
Tarahumar use 


crushed roots of nawé as a poultice to 


le-a]] lie 
Kili Lie 


humans 
{ V mosda 


Jenth.), a many-bi 


on animals and 


Kararoa or garaowa ayso- 


carpa inched 
stands along streams neal 


Norogachi, nas 


roots whieh are 


found In hick { 


Sitenapuchi and very 


crushed and thrown 
When used 


] ] 
Ssiosned 


large 


into slowly moving ate! 


in pools, roots are basketed and 
ater. T 


known, but 


In the 


he precise TOX1C quality 


V wosa pudica Ri a 


is not 


closely related plant, has yielded mimo- 


BOTANY 
alkaloid, from 
(11, 14) 
According to Bennett and Zingg 
roots of Tephrosia talpa Wats. (¢ 
talpa 


sine, an 


and 


sap ol sprouts 


roots 

(2), 
raccea 
mixed with 


Rose) are pounded, 


earth and thrown into slowly moving 


streams as 


} 
& piscicide 


Rutaceae 
Zingg (2) 


C'asimiroa edulis Lil: 


also record us¢ 


Bennett and 


ive and Lex and 


asimiroa sapota QOd€cerst. as fish stupe- 


laction agents Sark of these plants Is 


crushed and thrown i Sti 


ley (20) notes both trees 


l 


contains a casiniro- 


sine 


Euphorbiaceae 
The dominant piscicids sin canyons Ol 
Urique and Fuerte Sebas- 
Wats. and Sapium bilocu- 
Pax hich are known by 
flecha Bark 


ral wood n 


the rivers are 


tiania pringle 


(\W ats.) 
Mexicans as 


tare 
yverba 


ol young Is beaten with 


trees 


mallet or stone and dumped 


Into Moving 


This bark must be handled care- 


as milky juice exuded irritates 


eves 
ot these 


SOUTCE 


row poison and a Tis stupelaction 


old practice 


\exico Father 
Nentuig, f the 


agent is apparently very 


in nort Juan 


western 


‘anonymous”’ 


Rudo Ensayo (17), refers to an arrow 


poison plant ¢: { mago by the Opata, 
lara- 


Th 
luxuriant 


a tribe wh 


humar in the eighteenth century 


} é 
tree Was small, very green, 


and beautiful to the eye; but it contains 


i deadly ace which flows upon making 


} 
Phe 


slight incision in the bark na- 


(18) 
referred 
the 


tives rub their arrows with it 


This is probably the arrow tre 


lavije ro, Who, 


by ( writing in 


hteenth century, mentioned an 


used bv 


arrow 


tree Indians along the Sonora 


coast as a source of poison (6). Edward 


Palmer found Tarahumar at Batopilas 


rARAHUMAR FISH ACTION PI 


using a Sebastiania for poisoning arrows — ¢ 

(23), and today, the Varohio, a tribe may be significan The forme 
he Tarahumar, use Sebas- apparently not an introduced plan 

fiania pringlei Wats and Sapium appen- get \ Ie semblanes = between th 


diculatum (Muell. Arg.) Pax and Hofi and the known potency of the former 


as piscicides (10) In the late nine- might have prompted experimentation 

teenth century, Lumholtz (13) recorded with the hemlock However, we cannot 

a verba de la flecha used as a piscicide be certain that the hemlock its an intro- 

by Tarahumai duced plant. Ligusticum portert C. ani 
Bradley (3) has shown that toxie qual- R. is used medicinally; the hemlock is 

ties mn sapruem biloculare (Wats.) Pax not 

are contained in the latex The quali- 

ties “consist of an alcohol-soluble resin Polemoniaceae 

which is toxic to warm-blooded animals Ipome psis thurbe (Tor 

and a water-soluble saponin, whieh 1s (Gilia thurberi Torr.). know1 

poisonous to fish” 


gachi and Sitenapuchi as 
vTOoOWws On ’ | 

Umbelliferae under pine, rather 

Wasia (Conium maculatum L.). the small quantity of lea 


poison hemlock of Kurope crows thickly crushed and placed in 
in colonies under pine at Samachique sloshed in running wate1 
is one of the significant upland pis- Gajdusek (9) records a 
Used only when the plant is in Suwa, Gilia macombu Tort 


bloom. the root is crushed and t! 


into slowly moving water. Tl ‘al ‘ept for the root 
humar sts hat very little of the plant crushed between rocks in lowly mov- 


+ { 


root is required and th; thy root 1s gy section Ol a stream lew arm- 


‘r used in pools Nareotic plant 
qualities of this plant at ll known fish to mse to the surtace 
(5. 24) vards downstream 


This plant is presumably of European Gajdusek documented « 


origin (8), but just how and when it mateSuwa in a_ laboratory periment 


reached Chihuahua uplands and how the \ filtered, cold aqueous tract made 


‘re ’ } ‘ ] ] ‘ = 1 . ne 
Tarahumar learned of its nareotie poten- Irom powdered dried plants 1n a concen- 


; 


, : nifie 
tial cannot be determined Howeve1 avion ol i. Was sulhelent 


minutes and 


oft-repeated statement that the plant 


goidal 


} 


| } hit ml 
is used only when in bloom suggests that mity mi 


; ; frequently t 
the Indian must have experimented Wit! d . - cag 
Ir, they lost their equillbriun 
it in some fashion. It is known to be me eae. Biro. , 
, ’ : and lay on their sides, and became in- 
nearly harmless in the spring but very 
2 ~ active except for quick, jerking move- 
dangerous afterwards (15) , : ' 
: . ments before dying An extract made 
Anothet Wwasla, L gusticum porteri 4 4 , me ’ ’ 
, Irom only 0.2 mg./ml. of the dmed pow- 
' Ley d 
Am , se os ( 2? } 7 ’ , ae 13 : 
tote i ene — page hice aeread plant killed goldfish in two to two 
atum L.., is found in western Chihuahua and one-half hours (9) 
uplands and in damp shaded ravines Specifie toxie elements in these plants 
near Norogachi Roots are used as a are not documented, but related species, 


piscicide as those of the hemlock Re- Gilia achillaefolia Benth.. Gilia agare- 


semblances between Ligusticum porteri gata Gray and Gilia luciniata contain 


100 ECONOMIC 


considerable amounts ol and 


(16). 


saponins 


are very poisonous 


Compositae 
t 

(Bacharis 
thick 


drier parts of eastern Tarahu- 


Ca’gusi glutinosa Pers.) 


crows in stands along stream 
courses 10 
mar country wh t is known by Mexi- 
dulee 


crushed 


cans as jarill l ri r vara 


are on 


Young stems and 
} 


a rock and placed 1n a Daskel whicn Is 


slowly moving water behind 


is unknown, but cattle 


siosned 1n 


a stone or brush fish trap polson- 


pri and 
been poisoned 


Bachar 8 


Crushed 


ous 


sheep are known to have 
grazing a related species, 


(DC) (15) 


are demonstrably 


irom 


Grav 


ramulosa 


ing up skin infections 


common among the Tarahumat 


gion, ¢a’gusi served 


I Rio ( oncno re 


not long as a famine food, but only 


ago 


alter processing Ol oots which 


| 


roasted 


young ! 


were on hot coals 


living in eastern 


Tarahumar 


maimtain mc potent 


Rose) 


matesuwa 


is Dyssodia anomala (Canby and 


which is known as 


Robins ; 


is commonly found in shady 


r Leaves and roots, 


lave a considerable odor, are 


crushed and thrown into a pool of water 
The that 


amount is required where fish are trapped 


Indian states only a small 


in large pools, a common occurrence dur- 


ing the dry season in western Chihua- 


hua. The saponaceous element in this 


In- 


as 


Mexicans and 


the 


plant is utilized by 


dians; the former know plant 


jaboncillo 

Thus, three plants, Dyssodia anomala 
(Canby and Rose) Robins., 
thurberi 


Torr.), 


I pomopsis 
(Gilia thurberi 


Torr. 


(Torr.) Grant 


and Gilia macombu are 


known among the Tarahumar as maté- 


Suwa. Multiple use of this name poses 
no special problem, lor a Comparison ol 
the plants indicates some vegetative 


re- 


BOTANY 


semblance. Leaves are pinnatifid, and 


without flowers all three appear similat 


Sopépari (Senecio hartwequ Benth.). 
restricted to 


ge shrub that is moist 


slopes of shady ravines in uplands near 
Norogachi, to be 
top five plants in potency as a piscicide. 
This plant 


: 
is claimed among the 


is probably the SOpe ro 


(1) 


roots are crushed and 


corded as Jasaurl 


a piscicide by 
ind 
in a basket which is dipped 


Large leaves 


then plac d 


in and out of slowly moving wate! 


} 
odo! 


this shrub maintain 


ly 1 « l etor | 
aried and stored 


Branches o an 


after they are for many 


weeks The writer knows of no spec fic 


toxic property in this plant, but jaco- 
bine, is been found 


In 
* sen- 


a toxic alkaloid, h: 


, , ! 
related plant senecio iacobea L. 


“o retrosus and Senecio aureus are 


: . 
claimed Lo 


15). 


Another effective piscicide of the 4 


contain toxic substances 
(5, 
m- 


(Zer- 


as a 


Is ke vocurl or reocur) 


menia podocephala Grav). found 
perennial herb in the Urique canyon and 


at Norogachi and Site napuchi The large 


and leaves are crushed 
a basket 


stil 


tubs rous 


and 


roots 


placed in which is doused 


in a pool or | water or in slowly mov- 


ing watel ,oots of this plant are de- 


cocted in a tea taken for stomach dis- 
traded by Indians 
who dispose of 
and Parral 
eaten 


orde rs, and roots are 


Mexicans them to 


to 
herbalists at Creel Leaves 
ol 

be Ing processed 


Pungent 


keyoturi are as greens 


roots of nakaruri (Vigueria 
decurrens Gray), known among Mexi- 
cans as espantamula or yerba de la 
mula and found in damp places along 
ravines in southeastern Tarahumar coun- 
try, is one of the easily stored piscicides 


When 
tion, they are crushed slightly and dumped 


fresh roots are used in stupefac- 


into the wate Dried roots are mashed 


thoroughly, soaked for several hours and 


then thrown into pools. Crushed roots 


are used medicinally as 


a poultice for 


boils and other skin infections Tl 


11s 
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plant is apparently not harmful 1 plant is found in canyons, uplands 
mals, and it is a significant browse plan in eastern foothills, but everywhere 
in western Chihuahua. Tarahumar deny its use as a fish stupe- 


; + 


Roots and stems of a small shrub, faction agent, stating instead that it is 
Stevia salicifolia Cav., are used precisely used extensively for medicinal purposes 
nakaruri. It is a common medici- a 
plant among the Tarahumar, and Unidentified Specimen 
a related plant, Stevia serrata Cav Roots of anati, a tiny spiny 
(roninowa), has a decidedly astringent or that grows on rocky terrain on hill 
g effect when chewed Joth plants Norogachi. is chewed by 
sought as a remedy for severe tooth- idults as a gum, 7 


; 


acti tne roots, when 


thorough! 
Bennett and Zingg (2) record Cacalia soaked for several hours. 


decon posita Gray as a piscicide Phe piscicide in pools of wate! 


Résumé * 


Plants Part Used Reference 
Aaave bor cornuta Gentry Roots and leav No. 100 (Univ 
Agave lechuquilla Tort Roots and leaves No. 70 
Agave schottu Engelm Roots and leaves No. 147 
Agave species Roots and leaves No. 7la; Luml 
Bacharis qlutinosa Pers Leaves and stems No. 588 


Cacalia decomposita Gray Entire plant Bennett and Zin 
arya ilinoensis (Wang.) K. Koch Leaves and bark No. 632 
asimiroa edulis Llave. and Lex ¢ntire plant Sennett 
asimiroa sapota Oerst Entire ant Bennett 

Conium maculatum I. Roots No. 726 

Dyssodia anomala (Canby and Roots and leaves No. 499 
Rose) Robins 

Gilia macombu Torr Leaves and stems CGajdusek (9) 


Roots and leaves No. 107 (Verne grant) 


» 


TIpomopsis thurbert (Torr.) Grant 
(Gilia thurberi Torr.) 
Juglans rupestris Engelm Leaves and bark No. 613 (Univ. of Texas) 
Ligusticum porteri C. & R Roots No. 652 (Univ. of Calif.) 
Mimosa dysocarpa Benth. Roots No. 537 (Univ. of Texas) 
Polygonum pennsylvanicum I Entire plant No. 624 
Polygonum punctatum E11 entire plant No. 658 
») 


Polygonum species Lumholtz (1: 


Prunus capuli Cav eaves and bark No. 561 (Univ 


Prunus persica (1...) Batseh eaves and bark No. 59 

Purshia tridentata (Pursh) DC 0% No. 589 

Sapium biloculare (Wats.) Pax ar No. 23 

Sebastiania pringler Wats. ar No. 71 

Senecio hartwegu Benth. No. 646 (Univ. of Texas) 


3 Collection numbers in the reference column refer to plants collected by the writer during 
the spring and summer of 1955. Unless otherwise indicated, specimens are in the possession of 
the writer. Plant determinations were made by Marion Cave, Lincoln Constance, Verne Grant, 


| 


Otto T. Solbrig and B. L. Turner. Numbers in parentheses refer to the bibliography 
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Sisyrmnchium ar 


Stei folia ¢ Rov 
Rox 


Roc 


la satu “VN 

Tephros a tevocarpa Gi i\ 

Tephrosia talpa Wats 
talpa Rose) 


| gue 
} ucCa decyumens Tre] 


(( 


racca 


"a decurrens Gira 


Zexme? a podocephala Gray Ror 
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Bayberry Wax and Bayberries 


The “wax” of various species of Myrica is not a true wax. 
but a vegetable tallow extracted from the surface of the 
fruits. The principal use of the “wax” is for Christmas 
candles, but it is also used in soap, ointments, leather- 
polishing formulations, etching, and medicinals. 


LO \ 


Is O 


Bayberry Wax and Bayberries 


Bayberry wax, or myrtle wax, has no 


doubt been used sines prehistoric times 


Africa, 
easily extracted from the 

*h it All th 
“berries” 


in the Americas and for it 


“berries” 


ls 
on 


occurs at is necessary 


t 


to collect the and to separate 


wax from them by boiling with wate 


Wax Was Of Importance as a 


North 
savberry Candies 
Ol New 


used down to the 


SOuTCE 


of illumination in colonial and 


wert 


I 


South America 


a regular article trade in 


land and we re 


ning of this century. There are 
tl occasionally 
l¢ 


at CTTIECS were 


‘ted and candles mac from the wax 


until some 40 or 50 years ago Bavberry 


candles are still to be hs &@s8 a specialty 


but probably are now usually mack 


1? 
i] 


Ol 
wax Imported Irom Colombia or South 
\frica iX Many 


modern bayberry candles may aae 


or trom synthetic w 


by 


Irom a wax which contains only 


i smal] 
art of bayberry Wax or perhaps miay 


have only a coating of 
nd 


bayberry Vax To 
lragrancs 

Bayberry wax has long been used fo) 
candles in Mexico and may still 


be used 


In some isolated places. The wax is still 
\lex- 


nominal cost of ke rosene in 


n markets 


found occasionally i in 


ico, but the 
Mexico would almost preclude the use 


the 


of 
wax for candles 
In Guatemala and Honduras, the wax 


l Econom Botanist Crops 
Agricultural Research 
Department of 


Mary ] ind 


Divi- 
United 
Beltsville 


> 
Research 


sion Service 


States Agriculture 
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colleete d bv the 
1] 


native peoples, 


usually to make can for religious 
ceremonies of one kind or another 
dl 


the curious pagan-Catholie 1 


the 


Can- 


es made from myrtle Wax are used in 


Indians in churches in 


nango. Candles from e 
will doubtless d | 
Wax before too long 


In 


citv 


Popavin, a colonial 


pieture Saue 


: . 
In southern Colombia, candles 


from bayberrv wax a de laurel) are 


‘cel 
1 in 


f Holy 
\\ 


User the classical religious processions 


Week 


entered 


8) 


ax into the ation of 
len ornaments 


in pre-Colombian 


\ 


met hor 


a Riea and Panama system 
known the ‘lost wax 


I r 


( peen 


1 W% 


is 


used in these castings is possible 


Wax 


myrtle 


waxes 


May Hay one 


Bayberries probably have 


SOLE 
wax by weight, although 


10 percent 


is 


' 


muen nas 


Vyrica yield is not a true wax. | 


as 25 percent been reported 


wax” that the various species of 


ut rather 
, 1 : ; 
a vegetable tallow composed largely of 


g is usually el; 


iyveerides 


wax, however, tor its 


uses 


waxes, and it can be blended easily wit] 


paraffins and with true natural waxes 
Bayberry 
(April, 1958) 
ket, wholesale, at 45-47 cents 
It calculated that In 


New England might collect the equiva- 


currently offered 


the New York 


Wax 


Is 
In mar- 


a pound, 


was a collector 


lent of four or five pounds of wax a day 
Therefore, it is unlikely that the industry 


ECONON 


ittract many workers 1n t 


I 


ver, a small amount 


it 
li 


he n ( 
There is, howe 


; 


wax harvest 
Massachusetts 
Mr. E. 


q each vear, mostly 


LD 


owing 


Schuemann « 


reports the 10 on 1lm- 


ports of bayberry wax from Colombia: 


‘B 


eCCAUSEe 


l 


of limited demand low 


and 


nroduction in Colombia declined 


rradually as natives found pay for other 


1] 


with 
1956 


Ol) 


erative, bu har} 


1957, 


irket enough 


ind 


( olombia 


was induce 


( vax to take t! rathe 


consumption ec 


uemann 
iat 1! 


imports a in 


1956 were 
75.000 
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Utilization Abstract 


Spanish Broom. The Spanish or rush 
if ived broom (Spart n nee 
ennial legume, is found throug 
terranean area The voung 
fiber tl las been used 
incient times t he end of 


tury, competition Irom textiles 
France led to the abandoning of 
tium industry Interest in the fiber 


ne wed during World War I] ind im 1946 


three factories in France were equipped to 
extract the fiber, using a chemical retting 


process. The industry, which u 
I 


il stands of the lant, was ge 


the production of mixed fabnes for clothing 


sheets, I ible cloths, et When the importa 


tion of fibers into France returned to norn 
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Grassland Seeds. Dr. W. A. Wheeler. D rhe third part is an appendix. It includes 
Van Nostrand Company, In Princeton i glossary of terms, statistics on economic 


New Jersey. 768 pages. Illustrated. $12.50. importance and yield of grassland seeds, and 
’ Doctor Wheeler, with the help of Dr. D much other miscellaneous but pertinent in 
D. Hill and several others who know grass formavion 
land seeds, tells in this book the Tascinating N. Fercus 
story of the growing, processing, and market 
ng of the seeds used to produce meadows Inhaltsstoffe und Prufungsmethoden 


pastures, and turf in the United States. H homoopathisch verwendeter Heil- 
describes how a seed is formed in the parent pflanzen. Herbert Schindler ill 231 


plant, how it germinates and grows into a pages 1955 Aulendorf i. Wiirttemberg 
progeny plant which in turn produces seed Germany): Editio Cantor. 24.80 DM 
of its kind. Building on this understanding rhis work tre in detail 115 medicina 
the author expands the single seed and plant plants, most of which are known and used 
into an historical account of the growing ol here as well as in Germa! For each plant 
crops of grassland seeds in the United States, drug, the following points are taken up: bo 
ind their harvesting, cleaning, and marketing tanical classification, range, part or parts 
He then traces these seeds through processing sed, preparations used in medicine, constitu 
ind marketing channels until finally they ar ents. analvsis. uses, and bibliograph Th 
offered the consumer in such condition ter is quite elaborate; thus, for Rhus tox 
may be required by federal and state seed ndron as an example, 54 literature cita 
ws. It is obviously a story of complexity tions appear (including those in the text) 
but it is told in such a way that even on \rhis same article covers 2% pages of a quarto 
ho knows nothing about this economically — size 2-columned book and includes a photo 
mportant enterprise W | find it mformative oI ph of the plant ind gt iphie formulas of 
nd most interesting four compounds which in admixture compost 
hough the book urushiol’”” (according to Symes and Dawson 
seed growers, seedsn 1953) The chemical treatment for each 
conservation personnel, drug is complete ind up-to-date, with valu 
culture teachers, 1l WI ible information on the chromatogram ob 
who sow grassiand seed tained from each drug The book is com 
ture, and tur Ever posed of a long series of monographs on th 
cerned with neither the drugs arranged in alphabetical sequence, as 
Secs BOF Whe SuwisS * originally published in Arzneimittel-Forscl 
enjoy beautiful countrysides, lawns, and ing, published by the same firm as the book 
parks will find this book a liberal education The reprinting was preceded hy very eareful 
in the grasslands that delight the ey« correction, revision, and supplementation 
The book is divided into three parts. The In this period, when so many plant drug ma 
first ret ils with those phases of the grassland erials are ™ ng submitted to a careful r 
seed enterprise that are common to most Or : , 
ee oe oe eae examination, this work merits inclusion in 
ill kinds of grassland seeds. The second part a ee ed l 
' ' ; , every library of phytochemistry, pharmacol- 
covers the history, description, growing, and vig 
seed problems of each of almost 600 of the ogy, and therapeulcs 


grassland seed crops of the United States Grorce M. Hockine 
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